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The decade of the eighties has been characterized by a growing concern about the
condition of this country’s lecnnologzcal resources. Programs to promote basic research,
t0-Teas5€55 research and develgpment priorities, and to improve the quality of science
and engineering education, are just a few initiatives that clearly demonstrate the strong
commitment being made by Governmient, industry, and academia in’this area. This
commitment is founded on the continuifig rgle of high technology in promoting economic
gr0wt|1Jproductw1ty, and international competitiveness. Over the next several years,
this same technology' will be called ‘op t6'help meet the goals of thé Nation’s 5-vear defense
plan. In tiscal year (FY) 1983, this plan scheduled an increase in real defense
expenditures of almost 45 percent over the 1982-87 period. Proposed defense budgets
for FY 1984 and FY 1985 show similar emphasis. Highly trained science, engineering,
and technician (SET) personnel are essential to these industries and. hence, the Nation's

a¢

&

ability to meet both overall economic- and defense-related objectives,
This report presents findings of a special analysis undertaken by the National
Science Foundation {INSF). The objectives of the study are twofold: First, to project SET

personnel requirements of both defense and nondefense sectors during the S-year |

peniod ‘ending in 1987, second, to assess the adequacy of the projected supply of such
personnel avalable to meet those requirements. Employment projections for tht study

were generated through the use of the Defense Interindustry Forecasting System

developed by Data Rescurces, Incorporated {DRI}. The supply projections,’ perhaps
* the most distinctive feature of this study, were based on a model that incorporates all
major sources of response to changes in demand. Developed under contract to NSF by
Drs. Robert DauffenBach {Oklahoma State University) and Jack Fiorito {University
of lowa). these projections are intended to identify potential problems within the SET
labor market, as well as to assist in understandlng the dynamics and flexibility of GET
labor supply. . .
Although both models represent the state-of the-art it projection methodologies,
it is nonetheless important to be aware of certain methodological limitations. First,
_the projections are only as accurale as the assumptions that.were used to generate them.
To the extent that these assumptions are not realized, projections are likely outcomes,
not precise predictions. For this reason, the analysis uses four sets of assumptions based
on alternative macroeconomic conditions and defense-expenditure patterns to generate
a range of potential outcomes. Second, this type of analysis provides only a broad
overview of the SET labor market, highlighting potential problem areas. Problems of
a more disaggregated nature generally cannot be modeled empirically. but lend themselves
more readily to gualitative sludlps Limitations of the ana|y5|s will be highlighted
throughout the report to assist in evaluation of the results.
Despite these limitations, the methodology developed provides a most useful

framework for assessing potential supply/clemand ingiaalances of SET personnel and is °

sufficiently versatile to be used in estimating the potentia mpacls of future policy changes.

o~ Charles E. Falk
‘Director, Division of Science
Resources Studies
Directorate for Scientific
Technological: and International
Affairs .
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" This analysis was conducted by Jean E. Vanski, Pragram Analyst, Utilization
Studies Group. Supervikion, review, and guidance were provided by Joel L. Barries,
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. Technical Personnel Studies Sectior: and Charles E. Falk, Director, Division of Science
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¢ Four projection scenartos were developed for the 1982-87+
riod to generate a likely range of employment estimates. These ¢
r10s represented combinations of low and high macro-
1c activity—average annual growth rates in gross national
dukt (GNP} of 1.6 percent and 4.3 percent, respectively, and
d high growth rates in real defense expenditures—apnual
growth rates of 3.1 percent and 8.1 percent, respectjvely.

Performance of the economy and defense oufl#ys recorded during
the First year and-a half of that periogPsuggest that actual
employnient will e within the pio rangeof estimates The

scenars indicate that the number of jobs requiring science,
engineering, and technician (SET) skills in the United States can
be expécted to increase by 460,000 to 740,000 over the 1982-87
period. By the latteryear, roughly 4 million jobs are projected to
be required in SET occtipations, representing about 3.5 Pércent
of tothl employment. : ' .

e Among the 12 science and 9 engineering dccupations studied.
only the rapid growth in requirements for aeronautical/
astronautical engineers, computef specialists (computer systems:
analysts and,programmérs), and electrical/electronic engineers
15 likely to produce shortages of fully qualified professionals:
shortag‘es are defined as a S-percent, or greater, shortfall in
supply of new, appropriately ttained college graduates and
experienced workers. By 1987, the projected shortfall fort

! aeronautical/astronautical engineers will vary from 13 percent
to 45 pércent, representing 10,000 to 35,000 personnel; for ,

" computer specialists, the comparable range is projected to be 15
percent to 30 percent, about 115,000 to 140,000 personnel. At
high projected levels of defense expenditures, the shartfall ofa,
electrical/electronic engineers may almost reach 10 percent of
supply, roughly 30,000 personnel: Gfowth in the numbers of
mechanical and industrial engineering technicians as well as
drafters 1s projected to acceldgateover the next 5 years suggesting
potential supply problems.

¢ Occupational mobility can be expected to alleviate shortages as
experienced workers switch occupations ih response to chang-
" ing job opportunties. Sustained, high dependence on occupational
mobility to meet growing requirements in any particular field,
however, indicates a potential problem in maintaining the quality of
the work force. This problem'is itself 3 manifestation of labor
shortages. By 1987, it is projected that 11 pegcent to 15 percenit
of the supply of aeronautical/astronautical engineers will need_
to be drawn from other occupations to meet increasing employment
demands, for. computer specialty occupations the comparable
range lies close to 11 percent of supply. - .

o The defense industrial base is highly dependent on SET
personnel; roughly 15 percent af the defense work force is -
employed in SET occupations as opposed to 3 percent of that in
nondefense. Because defense spending is concentrated in high-
technology manufacturing industries, SET employment projections
show a marked sensitivity to variations in defense spending
despite the latter’s small share of GNP. During the 1982-87

period, projected growth in employment fot SET personnel is * ~

ERIC S
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. be the fastest growing technician occupation, with annual growth

much stronger in detense- than in nondefense-related activities
By 1987, roughly 4 percemt of scientists. 15 percent of #ngi-
neers. and 7 percent of technicians are projected to be employed
in defense activities, a slight increase over the 3 percent, 12 |, -
percent, and 6 percent, respectively, employed in such activities
in 1982. Amdng SET 'occupations. defense expenditures have
‘theif stééngest impact on the engineering work force. ..

¢ Growth in requirements for- SET personnel 1s projected to
be concentrated yn a few industries that are also an important
part of the defense industnal base. Five industries are projected
to generate about three-quarters of the net increase in requirements
for engineers—electrical machinery, fabrigated metals, nonelec-
trical machinery, transportation equipment (including aircraft),
and business services.

¢ Science employment is projected tq increase from 730.000
in 1982 to between 845,000 and 890,000 in 1987, at art-annual
growth rate ranging from 3.0 percent tv 4.1 percent. Regartiless
of scenarjo, computer systfims analysis is projected to be the
fastest growing swence occupation as computer applications con-
tinue to prohferate. The rate of employment growth in this
occupation 15 expected to range from 5.6 percent to 6.7 percent
per year. Among nencomiputer-related occ upations, social science
will grow fastesi, increasing at a Firojec@ annual rate of 22
percent to 3.2 percent.

# According to the projections, science employment will
continue to be concentrated in nonmanufacturing industries.
Within the nonmanyfacturing sector, business and miscellaneous
seryice industries are expected to maintain their importance as
pri!mry sources of employment demand, together generating
one-third of both the level and the growth of science employment
during the 1982-87 projection period.

¢ Requirements forengineers are projected to inc?Ease from

1.1 million jn 1982 fo betwe®n, 1.3 and 1.4 million in 1987, an
annual growth rate of between 2% percent and 4.5 percent. Two
engineering fields—aeronautical/astronautical and electrical/
electronic—are projected to grow faster than average. Employment
growth in the former is expected to range from 5.9 percent to
11.1 percent per yeag; for the latter, an annual growth rate of
3.9 percent to 5.1 percent is expected. .

¢ Requirements for S/E technicians are projected to increase
from 1.5 million in.1982 to between 1.6 mjllion and 1.8 millior
7, indicating an average annual gl:%wth in employment ?
rahging” from 2.4 percent to 3.7 pércent. In response to the °
diffusioh of computer technologyrcomputer programming will

in employment ranging from 4.3 percent to 5.0 percent. Streng
employment growth is also projected for electrical/electrordic
and anical engineering technicians. Employment of the former
is projected to grow in a range of 3.0 percent to 4.0 percent,
paralleling strong demand for engineers with that specialty: for
the latter,.employment growth is projected to range from 2,5
percent to 5.0 percent. .
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policy.issues

"The National Science_Foundation (NSF)
is mandaged by Congress to provide infor-
mation on the availability of the current and
projected need for scientific and technical_
*resources in the United States.” This func-
tion includes monitoring operations of the
labor market for scientists, engineers, and
technicians. Although these personnel
constitute less than 5 pertent of the labor
force, they are essential to the high-
technology industries ctitical to our national
security, general economic growth, and
technological innovation. Major initia\{:es
ih any of these areas strongly influehce
* the scientific and technical labor market
and are highly dependent on the efficiency
of -this market’s functioning for their
- outcome. e \
The concern for improving national
security that led to the defense buildup
undertaken in the early eighties was an
example of such an initiative. As depicted -
by the five-year def ense plan {FYDP} pro-
posed by the President for fiscal yeat 1983
(FY 1983), this buildup tepresented the
largest,"planned peacetime increase in
defense spending in U. S. history. Ac-
cording to that plan, total obligation
authority (TOA) for defense was scheduled
to increase by $186 billion in nominal terms
between 1982 and 1987, a real increase of
nfarly 45 percent.! There has been some

'Data Resources. Inc . “The 1984 Defense Budget Eco-
nomucs and Poliicy, Defense Econontics Research Report.
WI L No 1. January 1983,

[Kc
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concern over the ability of the science,
engineering, and technician (SET) work
force o accomodate the additional de-
mands being placed on it. This concern
has arisen not only because spending has .
been targeted on high- techno!ogy pro-
curements and research and developmenl
(R&D} activities that are science and en-
gineering (S/E}-intengive, but also because
the labor market has yet to be affected by*
defense spending decisions impiémented .
in" the early eightjes.

That the defense buildup is taking place
while there is a growing nondefense de-
mand for S/E personnel further complicates
the issue Even before the increase in
defense expenditures, S/E employment in
industry had begun to outpace growth in
the total work force. The reaspns for this
were the strong economic performance of
high-technology industries and the in-

dustrial staffing changes that increased the

utilization of S/E personnel relative to the
number of workers in other occupations.
In addition to industry’s need for scientists
and engineers to increase productivity and
te remain competitive internationally,
academia also needs additional S/E per-
sormel [particularly engineering and com-
puter science faculty) to fill existing vacan-

cies and to meet future training needs.?
X

objectives
J N«

Because SET Jobr-skills-are-highly spe-
aahzed and require lengthy training
periods. the SET labor force cannot easily
adapt to sudden large increases in require-
ments. The queston that anses, therefore, is
whether a large, rapid increase in the need
for defense-related personnel. coupled with
growing ingwstrial and académic require-
ments, will make unrealistic adjustment
‘demands on ‘the SET labor market. In
undertaking arkanalysis of this problem,
two abjectivesPwere sought: To project
the levels of SET employment that.would
like}y be needed to meet‘botﬁ defense and
. noridefense requirements during the pegiod
covered by the FY 1983 FYDP: and, to
pro;ect Jply response to |ncrea\51ng
requirements, ldenufylng the potential
shortfalls that may arise. The shortfalls,
in turn, will serve to hihhght general areas
dfconcern®
Labor markets accomodate demand and

“supply imbalances; thus, it is unikely that

shortages would be fully manifested in

unfilled job vacancies. Employers make a
_ -~

variety of ‘adjustments when faced with

shortfalls in {abor supply. Some postpone,

of even cancel, proiects or entire programs.

[}

»*

*This methodology can at best only hi'nljll the more

. spectahzed problems of this laborfharket thay are of policy

4G, A. Keyworth, Statement befote the Commitiee on
Science and Technology. U.5. Science ond Technology Under
Budget Stress! Hearings Before the Committee on Science
and Technology. U.5 House of Representatives, 97ih
Congress (Washington, DC Supt of Documents, U 5.
Govergment Printing Office, 1982). LI

8

-

ot

3

J.

concern Such problemsinclude (1) Labor market imbalances
m subspeciatties or emerging fields. {2) the need for ex-
~ptrienced. as opposed to newly tramed, S/E personnek:
{3) the need For young nveshgators in basic Tesearchs of,
{4} 1ibor market ymbalances atising from geographic
segméntation.
/
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Alternatively. as observed during the rapig
detense and space buildup of the fifties
and sixties, employers may adapt by dow
grading the quahty of thewt wo;'uércesl]
placing greater reliance on new college
graduates in the absence of experienced
personnel. upgrading techmicians, or re.
traiming . workers from ogher gccupations.
Einployers may also Lompcteﬁ)r necessary
personnel by bidding up wages. This can
altect whole sectors of 4he economy, .with
Cuovernment, industry, and academia com-
peting with one anpther for avadable
workers. Those industries and sectors that
canniot effectively cgmpete for essential
personnel may suffer as a consequence.
All ot these’adjustments exact very real
tosts. and a relevant policy qtiestion 15
whether traditional free market mechanisms
will make appropriate personnel allocations
with minimal-dislocatiomof the economy.
For purposes of thts anal>sis, therefore, a
shortage cannot be defined simply as
‘ynfilled job vacancies,”” but rather as “an

and experienced personnél.”

methddoldgy o

Two state-of - the-art simulation models
“ were sed in this analysis. Employment
demand through 1987 was projected for
29 SET occupations usiig the Defense
Interindustry Forecasting System [DIF5)
"developed by Data Resources, Incorporated
{DRI]. (9ee technical notes, Defense Inter-
tndustry Forecasting System. Employment
Psojections |. Begause projections are
highly dependent on the assumptions
underlying them, ;Dur SCenarios Were run
to determine the’ likely range of total
requirements., including the relative im-
portance of defense expenditures i deter-
mining SET* employment demand. These
*four scenarios were baséd on assumptions
governing both the level of macroeconomic
activity and the alternative patterns of
defensc-expenditure growtha
Projected labor market bal:;}ebis deter-
mined by comparing estimates of labor
demand and supply. The projections of
S/E supply for this study weré degived

+

" nadequate supply of appropniately trained
" - 1"

" from an NSF-sponsored model developed
* by Drs. Robert [pauffenBagh. Jack Fiorito.

and Hugh Folk. {Sce technical notes,~

DauffenBach/Fiorito/Folk (DFF) Model
Stosk Flow Model of Science and Ehg-
neering Labor Supply.”) THe DFE model,

A5 1t will be referred to thfoughout this™

report, provides annual projections of
supply in 21 owcupationd by modifying
the previous year's stock of personnel with
flows of new labor force entrants, gccu-
pationally mobile expenenced workers, and
immagrants.* Each of these flows was
modeled o respond to changes 4
ployment across owupations, recognizin®
that va ns 1n*job opportunities elicit
changes 1nBvailable supply. In total, Bur
sets of supply projechions were genersted—
one based on each requirement scenafip
develuped with the DIF System.

methodological ~

caveats

{tis importan s realize that projections
are not predictions, and that,there are
_methodological limitations inherent in
simulation modeling that must be con-
sidered_ in evaluating ‘the likelihood that
projéctions will be’realized. v :
First, the quality of projections depends
on th¢ assumptions made about the ex-
ogenous variables that drive simulation,
models. Tn this analysis, for example,
variables defining maéroeconomic per-
- formance and defense expenditiffes were
critical to estimating future SET employ-
ment with the DIFS model. Because neither

the, behavior of theeconomy nor future

X

[}

Second, pmjcc%ons'from simulation
mode]s are based on relationships among
majot economic variables Fheserelation-
ships are determyned bw empirical analyses
of historicak dala 4nd define the structure
of the eeonomy If some occurrence {major
monetary of fiscal policy changes, dramatic
labor mdrketdisruptions, prolonged periods
of hugh inflation, etc ) alterslhat.slruc‘fure, .
models may no longgr reflect operations

. of the econoggy Technological change is

1an example of structural change that could
significantly affect the projection of future’
demand for SET personinel Such change
is incorporated in the YF System both in

' determinirlg industridl production and in
defining staffing patterns-withire industey
There 19 some concern, however, that
audomation in work place (robotics,
compu'tg?ai ed design and manufacture
[CAD/C AM), eta) will accelerate SET+
empleyment growth at rates fars0 excess
of those anticipated by studtes generating
employment projections. Although the pace
of automation has quickened, there s hittle
Leason to expect dramatic changes in re-
quirements for SET~ personnel over the

+ short 5-year period being simulated.

_organization of
remaining -
sgctions .

\ -
sThemain body of this report js divided
into two sections. The first provides an
overview of the DIF System that was used ,

to generate employment projections of SET
personnel |t presents pertinent assufnp-

defense oltlays can be predicted with{ tjons underlying the four scenarios choser}

Certainty, this analysis used alternative
scenarios that jpade allowances for varia-
-tions in performance in these areas, .

o

The DFF model does not produce supply estimates’of $/E-
suppure aechouoans becouse inluimal fining meyhanisims
make i mudch more Diffudi toondennfy the patential supply
For these ne upatumns. historsc and projeyied growth rates
w cmpiwyment will be compared in order to wentify potential
dHRulues n meeting antiipdled Srowlh requirements

»

¢ . -

for analysis, and reporis total and defense-
related employment requirements throtigh
1987. The second section describes the DFF
labor supply model, ;presents igformation
on the importance of various components
Sf S/E labor supply. and provides com-
parisons of demand and‘supply projections
to assess potential laborfmarket balance.

* An assessment of projet¥ed labor market
balance for S/E%upport technicians is also *
presented in this section.:

X i . . .
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~ projection
scenarios

Projections are forecasts that are con-
ditional on a vanel?-Qf\éssumphonAhal
y depict economic. nstitutional, and social
conditions. This analysis’ was therefore
designed not te provide a si‘lgle numeric
estimate of future employment require-
ments, but instead to provide a well-defined

#aange within which employment growth

s Jikely to occur duning the 1982-87 period.

Two factors were assumed to be major

* determinants of SET employment, based
on their ability to affect thedevel and pat-
tern of industrial activity: {1) General
performance of the U.5. economy, and

(2) the I and distnibution of defense

expendilBFs. : '

In tot], four projection scenarios were
developed using the DIFS model developed
by DRI. These 105 were baged on
two alternative sets of macrgeconomic

*assumptions designed to encompass likely
.private sector performance during the
simulation period.® Each of these, in turn,
was combrned with twg alternative sets of
assumptions about defense spending. The
scenarios were run in September 1982,
with ‘the first projection périgd starting in
the third quarter of that year. -

\'

" RI specrahizes in sconomuc foretasli'ng Thelpw]efllon
wenarkes used 10 aus analyses were devetoped in collaboration
with DRI staff .

Q

T

~ macroeconqnﬁic
assumptions

Low-growth scenarios. Of the two sets
of assumptions underlying the projections,
forecasting the performance of the U.S
economy was more problematic. The U.S.
economy has been unpredictable since the
late’seventies when concurrent high rates
of unemployment and inflation charac-
terized what came to be callgd a "stagflated”™

® economy This type of economy formed
sthe basis of the low-growth (STAG)
scenarios used in the analysis. These
scenarios assumed that a weakened econ-
omy would characterize the first half of
the projection period. but that the second
half would see*a return to lorg-run growth.
~Within the STAG simulations; the infla-
tion rate, ag measured by, the consumer
price index {CPl), was sustained at relatively
high levels and averaged over'7 percent
per year for the 1982-87 period. During
that time, the unemployment rate averaged
10 percent annually, growing steadily from
the 9-percent level evident in 1982 (chart
1). During the safne period. labor produc-
tivity., as measuted by output per hour,
grew less than 1 percent annually (chart 1
and appendix tables B-1 to B-4). Vo

The economy in the low-growth sce-
narios was characterizell by a steady but

" relatively slow expansion. After registering
a decline in 1982, real GNP grew at positive
iates throughout the remainder of the
simulation period, averaging somewhat less
than 2 percent. Employment in SET occu-

10

pations 15 highly dependent pn industrial
performance. gspecially within manufac-
turing industries. Among the major de-
_pressants'of. SET employment within these *
scenanos was the sluggish manner in which
the manufacu#¥ing sector made up for
productjon losses that occurred in 1982.
Over thesimulation périod, capacity ptili-
zation in manufacturing industries rrfiy
exceeded 75 percent. .
* High-growth scenarios. The high eco-
nomic growth {OPTIM) scenarios provided
the upper range of SET gmployment estit
mates for this study. The first three years

" of the simulation period were characterized

by relatively vigorous economic growth,
after which time the simulation was eased
toward long-run growth. QOver thissperiod,
it was assumed that the inflationary ex-
pectations developed during the seventies
‘could be broken, and thus th average
annual growth in the CPI whs testricted
to 5 percent.’In contrast to the previous

* scenarigs, unemployment declined steadily,

falling to almost 6 percent in later years.
Growth in labor productivity during’the
tWo years following 1982 rebounded- to
levels not recorded since the mid-seventies,
then moderated to average 2 percent over
the entire projection period. :
In the OPTIM scenarios, real GNP growth
exceeds 4 percent per year, reboungding
from the decline vegistered in 1982, By Yhe -
end of 1983, these scenarioé depict a growth
in indugtrial production that more than
compensates for 1982 losses. On average,
manufacturing industries show the largest
production gaing. resulting in projected
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.tates of capacity utilization exceeding 80
percent by"987, B .

defense-expenditure

* . “assumptions

. High-deferise expenditure scenarios. The
high-defense expenditure (HIGH] scenarios
“that the
FY 1983 FYDP would be implemented
without chang Acmrding to thiE Y DP,
TOA—the to;ﬁ appropriation néeled to
execute the proposed buildup—is scheduled
to increase by $186 billion in nominal terms
between 1982 and 1987, a real increase of
alimost 45 percent [table 1), Most of the
spending 1s aimed at force modernization,
concentrating primarily in the procurement
of new and technologically sobhisticated
weapons s\yslems as well as in research,
development, and testing evaluation

(RDT&E) budget accounts.® By 1983, TOA
%

.

L ———t
-

A an e\.lmple the FY 1932 and FY 1983 budgets i lude
large InuTegses iy magor weapan sysheme puty base by the
theee brancheJ0t the military ©ver 1 300 new ariralt wete
bewng regquested as well as two Todent submannes 1wo
nudeat powered carniers neatly 140 new ships and the
wplnsh\«ted'l\.d-[ Abrags Thank

Table 1. Summary statistics on the
fiscal year 1983 Five-Year Defense
Plan: 1982.87 .

* Defense budget 1982 | 1987
Total obligation authority: | * '
Current® 963 dolars
{tons| §2\14 3 $400 8.
« Constant*1983 dollars
[bI".lOl'ls] . 't 2478 3259
Defense outlay ’ I 4
expendinres:; R
Currept 1983 dollars
(billions) ... seeoo | 1828, | | 356.0°
GConstant 1983 dollars .
#  (bilons) .....0.... 195.4 288.7
Comppnents of defense . .
> budget (percent): ‘ ~ e
COperations and 0
mainterance .... ., 3¢.0% 26.1%
Progurement ........ , 23. 39.4
Miltary personnel 215 140
, Research, development, .
and testing 103 107
Rstirement a4 Y59
w_hlary conslrucuon 1,27 39
oy, N "

-SOURCE. DataResoufces, Incorporat'ad

-
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in these two accounts was anticipated to
increase by.36 percent and 21 gerc¥t,
respectively, dramatically shifting the
composition of the defense budget toward
expenditures that most directly affect SET
employment P

Because the actual d:sbursement of funds

L

affects industrial production and employ +%
ment, the DIFS model translates TOA into™

actual defense outlays as contracis and
expenditures are made Between 1982 and
1987, defense' ex penditures in the HIGH

scenanos were anticipated to grow at an -

8-percent average annual rate in real terms
The annual growth in defense expendityresn

1s highest during the 1983-85 period. ,

reflecsing the smpauT of proc uremeni pro-
grar;é mitiated vne to two years earlier
(chart2}.”

Low-defense expenditure scenarios. Low-
defense expenditure {LOW) scenarws won-
strain real growth in defense spending to

. nearly 3 Percen‘t during the sanfe period.

v

( .
Tt t.akm. weveral vears tor )M R pmur«-mmls lu abbent
et evommy Based ur) advalyvay ol pra~l spe:‘ld.n}, palans
onlv 12 percentot TOA chaws up as Lirel-year vutlays The

Aot ity ab s lal ('\;‘ugilllllt‘\ by I|1m1ﬁ )::(’fu‘taﬂvu\uﬂ-
LI by Hiee years et APPHOPTLIENN

8¢ .t
ai‘é:,,,cons ant dcﬁ

L ‘ﬂ’.

I
P R Ty,

b |
3
i
A T
oy . i
gl Low-*" i
3:(?'0?11 i 5
ol
Tk
%;‘;gff‘;?f
Y
et

- -

~a




| g

- Such growth would be pearly 2 perce
points below.the recommendations set
the Cagter Administration in 1980 snd were
dee ufficiently conservative to provide |

o2 lower bound for this analysis.- Under
the LOW scenari0s, personnel and retire-

ent accounts were left at levels proposed
by the current Administration. reflecting
the infeasibility of adjusting these budget .
accounts downward. The entire difference
in defense-expenditure growth between the
LOW and HIGH scenarios was, therefore,

»confined to reductions in procurement,
operations and maintenance (O&M). and
RDT&E budget categories.

il

‘ éssess.ing underlying
agsumptions

Since this analysis was begun, several
quarters of economic performance and

issuance of thg ¥Y 1984 FYDPyave pro-\ 4

videdran opportunity 1o assess assumptions

£

projected ‘r‘é,ng'e‘_ |

*" The 3TAG/LOW.and OPTIM/HIGH
geenarios, Yefine the maximum range of
emplaymeniand will form the basis for
the analysis presented. According to thesé
scenanos. the niynber of jobs for appro-
priately trained and experienced workers*
A SET occupations wall increase By 460,000
+to 740,000 between 1982 and 1987. By
the end of that period.iNis estimated that
nearly % million people wil] be tequirdd in
thesepccupations, represenyng about 3.5
percent of total employment™
Growth in SET requirements s expected
to increase by 2 6 percent 1o 4 Npercent
anfwally through 1987, significaptly in
cwcess of the 10- to 2 4-percent aknua
growth rate 1n overall emph-l is

tndepiying The Tourstenarios. T the First

-

o ’I

half of 1983, the U.5. gconomy has shown a
vigorous recovery. mal GNP has grown 5
percent per year, inflation has held ground,
at a 3-percent annual increase, the unem-
' ployinent rate has fallen to 7 8 percent,
and both productivity and industrial pro-
duction ar¢ up.? Although an asgggsment
of long-run economic performanﬁca‘;mol

be founded on short-run statistics, a con- =

tinuation of the recovery, even if it were
to moderate, might show_the OPTIM
scenario assumptions to be slightly con-
sErvatiph. With regafd to the defense
" buff¥p, signals are mixed. The FY 1984
EFYDP has remforced the Admijnistration’s
" commitment to maintaining the course it
set earlier. During 1983, however, contract
awards were delayed and Congress, in the
face of large Federal deficits, has approved
only a 5-percent real increase in deferise
outlays cutting procurement, O&M, and
RDT&E accounts. Therefore, it appears
that' defense outlays will fall somewhere
midrange of the two alternatives simulated.
, Indications are that deviations in the'two
sefs of assumptions may be offsetting, with
likely employment levels still fatfing within
Nthebriginal projected range.
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15 very much in keeping with the rec

trend characterizing the U S economyy’

namely, the growing techmcal sophustica-
tion of the labor force. Two NSF studies
lrave shown that SET employment growth
has been outpacing that of total employ-
ment in recent years, both in the manu-
facturing and nonmanufalturing indus-
trial sectors.” This has occurred in Part
because of the strong performance of high-

technology industries that are characterized -

by work forces with_highksconcentrations
=of SET personnel. But m3¥ importantly,
it has occurred because the diffusion of
technology tiroughout the econoiny has

LY
L]
’

¢

*There s no single. acvepled set of critena used to defime
tiis puepulation The demend projeciions in th repust are

dsumares of the nuimber of jobs requiting SET shills These.

projections are primartly based on data [rom the Bureau of
Labor Statesties Ocuupation Employment Stansts (OLY)
Survey Thas establishmen) survey  lassibies individudls as
scientsts anud enganegrs’if thewr job requiges a fund tronal
level comparable to that of a 4-yesf university gradygre in
an S/E.celated Lield The Functiongal level of techWicians 15
assumed to be comparable to that achieved through relaied
postsecondary school traiming S/E l’r;lploymenl umaiey
d:nvcdjrom this sutvey are lowet ‘than those g@nfrated 1n
NSF suryeys hecause anany 57k personnel who

Afe Man . * ' - «
agers, sdmanistzators, of professurs are not aﬁqlm LT r m t
an S/E held. ! . m Q en X L
. -

“Natonal Saience Foundation, Changmg Employntent
Patterus of Sciennsts, Engincers. and Tochmicrans v Mamc
facturong Lindustrres  1977.80 |Final Repory) (NSF 82-331)
(Washwngion, D C, October 1982) and  Technucal Em-
pleyme Growth Acvelerates an Selecied Nonmanufacius-
ing Industttes, Sciems Resources Stuches Highlights'INSH
83-32rH{Washington. D C. Ocrober 17, 1933) -
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. resulted in changes in theptaffing requure-
ments of industidts. Both NSF studies bave
found thatthanges in staffiggpattern are
the driving forde befiind SET employment
growth., yccounting for r3ughly™fouttFif ths

, of the ln(‘ifeasén suience employ meptand:-- |
OVeE o-half "of thdi for engineers.and -
téchmiaians Changes’ in: the pattern apd
level of industrial growth. as well as tidge | " 1

_in staffing. age reflected in the DIFS rodel.

and were ors 4n determining {he re.*

T

The wider the range of émployment £
= requirements generated in an analysis, the
more difficult it is & draw meaningful
conclusions. The fout scenarios developed
fot this study, however, fesulted in a well™ .%
defined range of projected SET .require-"
.Ments; never varying (b‘y' rggl;}k\lhan 5.
percent from the avgrage 1987 projected
value in any of the major occupational
* categories [chart 3). The seasons for this
are twofold. First, only'a small fraction of ¢,
jobs in the economy tequire highly spe-
inddistrial production would be peeded
generate-overall changes in employment
. that would result in a wider range of pro-
jected SET requife!penls. Such swings are
t realslic given recent economic per-
fdgmance and the short-time horizon being
simylated. Second. it is also important to_
make noete of the different growth rateg
for productivity that characterize the |
scermanyos. Productwvi®, defind as output
per worker./increases twice as fast il the,*
OPTIM as it does in the STAG scengrios. ©
These productivity gains countethalance,
the employment impact of the more rapid
indistrial expansion found in the formet.
altimately reducing the need fgr addi-
tional workers. -7

the effect of ~ . &
‘defense « . ‘T
»'expenditures .
onSET
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Chariges in natignal pricrities 6ftea have. '
a high-technology emphasis and, heace.a
significant ithpact onghe, level and/s T
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1987 employment,
840-890
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OPTIM/HIGH
\

\

STAGILOW

1987 employment.

”
primary reason for undegtaking this special
study was to assess the degree to which
the SET labor market cduld adjust to.meet
the additonal depreambsgenerated by the
defense buildup that reslilted from the
renewed emphasis of natonal secunty
begun in the early eighties As onginally

¢ planrled, this buddup called for a 45-percent

« increase in real defense spending over a
relatively short 5-year period and may
place significant demands on the SET
labor market. ‘

" The anticipated effect of defense spend-

ing on the SET labor market is,generated
by the former’s targeting on the high-
technology sector that directly or indirectly
supports the production of sophisticated
weapons systems:

A number of recent studies have pre-
sented estimates of the impact of defense
spending on industries and occupations,
Models such as DIFS, that have been used
to estimate defense-induced employment,
corroborate the assumptions that defense
requirements represent a significant frac-
tion of overall employment in high-tech-
nology industries. For example, defense
contracts support nearly ope-half of the
employment used to manufacture aircraft
and ships, one-fifth of employment to
produce electrical machinery and equip.
ment, and one-sixth of the employment
needed to make scientific and control
equipment, Moreover, within these in-
dustriesProwth rates of defense-related
employ are highly sensitive to defense
spending levels.

Durable-goods manufacturing industries,
such as those just mentioned, staff large
numbers of scientists, engineers, and tech-
nicians within thewr work forces. The tar-
geting of defense expenditures on these

“industries 15 the major reason why nearly
" 10 percent of the SET labor market is
employed in defense-related activities. The

importance of SET personnel to the defense

industrial base is reflected in the share of
its work forces employing these skills—SET
personnel comprise over 15 percent of
defense work forces, a share significantly
higher than the 3 percent found in non-
defense employment. The occupational
composition of SET work forces engaged
in defense- and nondefense-related activities
alsg differs 1n response tu variations in

. <oncentration within manufacturing in-
dustnes, with defense employment much
more geared tu engineering professions
(chart4). '
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In 1982, about 3 percent of scientists,
12 percent of engineers, and 6 percent of
technicians were employed in defense-
related activities. Qn average across the
four scenarios, these proportions are pro
jected to rise somewhat to 4 percent, 15




=,

percent, and 7 percent, respectively, by
1987 (chart 5 and appendix tables B-5 to
B-8) Requirements in‘zeveraloccupalions,
however, agpear to“be relatively more
sensitive to defénse-related activities than
macroeconomic performance and can be
expected to be essential in implementing
proposed defense programs. About one-
half of all aeronautical/astronautical en-
gineers were employed in defense-related
activitiés in 1982, and\k:y 1987 the pro-
portion is projected to ‘rise to almost 60 Sclentlsts
percent. The share of glectrical/electronic
~engineers in defense employment is pro-
jected to rise from 13 percent to 15spercent
by 1987, mechanical engineers from 9
percent to 12 percent, and mechanical
engineering technicians from 18 percent
to 22 percent.,

Although the defense share of employ-
ment is relatively small in most SET occu-
pations, those occupations wiltwjhe fargest
share of defense requirements teiid to be
the ones that either demand highly spe-
cialized skills or are fields that surrently
or recently have undergone siortfalls in
supply.”In each of these fields, s is the
case across all SET occupational categories,
projected growth in defense employment
far exceeds that in nondefense employment
{table 23. Thus, defense expenditures not
only contribute significantly to the current
levels of SET employment, but cai also
be expected to contribute disproportionately
to its growth over the projection period.

total projected .
requirements for
scientists,
engineers, and
technicians,
1982-87 -

“The foregoing discussion highlights the
anticipated importance of defense spend-
ing during the 1982-87 period: Although
defense-telated activities are expected to
represent a significant proportion of total
SET requirements, the majority of such
regiiirements, nonetheless, will continue
to be in nondefense activities Therefore,

Q . )
EMC . av“ ‘ ' ’ ' !




~

Table 2, Projected growth rates of
defense and nondefense employment
in major SET occupations: 1982-87

{Porcent)
-~
STAG/LOW | OPTIM/HIGH
Qccupation Non- Non-
Defensso|defense) detense
lemploy-_empiov- mploy-employ-
ment] ment] men] ment
Tola R
scigntists . 6.1 2‘91 9.3 39
Chemssts _ 40} 14 585 24
Computer
systems .
anatysis 8.9} 5.4 123 64
Lie and phys-
ical.ngc 5H - 13 g5 24
Mathematicat 31 21 78 33
Physicisis 34 1.2 7.9 2.6
Folal
engineers 61 21 102 36
Aeronauticalf
astronauvhical 85 27 141 73
Electrnical/
electronic 64 35 90 45
Industnal 50 16 g 0 30
Mecharical 54 17 9.5 35
Tolal
tecrnCians 5.0p 22 80| 34
Computer .
Programmers 61 4.2 9.4] 4.8
Elecirical/
- glectromc
engmeenng ., 5.7 2.7 9.4 a8
tndustral
engineering 4.0 16 81 3.3
Mechamcat
engineerning 5.2 1.8 101 37

NOTE STAG/ALOW indicaies low-economic growih/iow-
detense expenchiure Scendnd, OPTIM/HIGH
indicates hwgh.economes  growth/nigh-delense
expenduure scenano

SOURCE Nahonal Strence Foundation

any assessment of the adequacy of per-
sonnel to meet defense requirements must
be undertaken in the context of the total
needs of the economy.

scientists

QOver the period being analyzed, slightly
more than one-fifth of the SET work force
will be employed in jobs that tequire a skill
level equivalent to that obtained through
a university degree in a science-related

ERIC -

Aruitoxt provided by Eic: . ’ L]
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field." Employment requirements in these
occupations are projected to inctease within
a range of. 3.0 percent to 4.1 percent per
year between 1982 and 1987, indicating a
moderation of the 8.7-percent average
annual growth rate that occurred between

L

"The Ociupational Employment Sutvey {OLS) assigns
swcupation by prhimory work activity This resulis in an
underestimation of S FE employmeptrn academia since
tndviduals whose mapt responsibibity. is teaching are
waregotized 1n ¢ general occupation of Professor. and notin
their 9.E dusipline Bevause of the selative impuriance of
sademia &5 3 source of emplkeyment, the undercount should be
more significant for scientists than engueers and would
vary atross dhiscaplines Using NSF data on type of employer
and the proporuan of taculty spending less than ome-half
their ume i R&DY acnfaiees rough estmates of undercountsin
vantoos tields tan be desermined For physical scientists the
andetcount of requitements mav be as high as 12 percent.
mathematk al » €nusts 19 penveat hte soentsss 24 percent
s 13k screntists 19 percent and engineers 1 percent MNavonal
suence Foundation U8 Sciewnsts and Engineers 1980
182¢etaled Statsstical Tables] INSF 32-3141 {Washington
D¢ 1982} and VWesrat Inc  Regearch Parncipatiot and
Other Characterisiucs ot Recent Scende and Engmeermg

eFacutty Vol § Coniract No 5R5.792087¢ {Rockville
Md Mavlasl}

» 1

. L4

1977 and 1982 (table 3} '* By 1987, em-
ployment in these occupations is anticipated
to reach 84%.000 to 890,000, implying a
net addition of 120,000 to 160,000 jobs *
over the 5-year period being analyzed.

In comparing the four macroeconomic/
defense-expenditure scenarios, projected
requirements in science occu pations demon-
strated little sensitivity to the differences
between defense-expenditure alternatives
used, but substantial sensitivity to varia-
tions in the general perfafmance of the
U S. economy. The reason is that the :
majonty of stience jobs are concentrate
in nonmanuf acturing industries which a
not themselves mayor recipients of defense
contracts and awards. Among these in-
dustries. the projections show that business
and muscellapeous service industries can’
be expected to continue as the primary
sources of employment demand for these
fields. together they generateyne-third of

TThe 107782 gruwth ratesor SET employment reparted
throughaut the lext aze bawed on Jdata From the Bureay of
Labos Suatwncs Curtem Populanon Survey [CPSI

', 83
Table 3. Projected employment in science occupations: 1982-87
fin thousands|
—
Projected employment /
STAG/LOW OPTIM/HIGH

Occupation 1982 1997Annuat growth 19a7]annus! growth
empioymen! | employment| rate [percent)j employment|rate (percent)

Totatscientists ........ ... 727 843 3.0 889 4.1 .
Agriculturat . ....... ....... 17 17 N 18 1.4
Biologists .. ..o ieiunnen .l 55 59' 1.4 62 2.4
Chemists ...............u0 N 98 1.5 103 2.5
Computer systems analysts .. 219 287 56 303 6.7
Geologists .. ....0 e, 43 ‘49 23 48 243
Lifeand physicaknec..... . 28 30 1.3 31 2.5
Mathematical .. .... ...... 51 57 2.2 61 3.5
Physteists .............0u 21 22 1.4 24 ’ G.E

Social c.fiu e e 202 225 2.2 237 3.

Economists...... e 30 35 . 28 s 36
Psychologists ............ S0 100 N 2.1 106 8.2
Sociologists ............. g - 10 1.7 11 2.8
Sociah.ne.c. ..... ....... 72 79 19 94 3.0

[
NOTES. Because of rounding. components may not correspond o totals
growtn/iow-detense expenditure scenano, OPTIM/HIGH indicates

expenditure scenarlos
SQURCE: National Sclence Foundation

L4

A

STAG/LOW (ndicatas iow-ecenomic
high-economic growth/high-defense
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both the level and growth of science em-
ployment over the projection period {table
4} The business service industry is com-
prised of a variety of estalishments ihose
work forces contain large congentrations
of SET personnel: R&D laboratories;
management consultirig and commercial
testing firms. and computer and data
processing establishments. The majority
of science employment in the miscellaneous
service industry is also concentrated in
establishments with technically sophisti-
cated work forces scientific, engineering,
and surveying serdice establishments, as
well as nonprofit educational, scientific,
and research organizations.

By 1987, the majority of science em-
ployment 1s projected to be concentrated
in three occupations computer systems
analysts. psychologists. and chemists
{charto) The importance of the computer
systems analyst occupation in determining
projected requirements is also reflected in
its contribution to the growth of science
occupations over the analysis period. ac-
counting for over half the total increase in
requirements .

Computer systems analysts. The domi-
nant force behind Employment growth in
. science occupations over the past decade

Table 4. Major Industrles determining projected level

-

v £

has been the rapid diffusion of computer
technology both in business and in S/E
applications. AlthSugh’it was not until the
1970 decenmial census that this job category
.became sufficiently large to become a part
of data collection efforts, by 1987 the
projection scenarios estimate that 290,000
to 305,000 people will be required to
perform this job function. Roughly half
these personnel are éxpected to be employed
in business services {25 percent). finance,
insurance and real estate {12 percent), and
the wholesale and retail trade industries

(12 percent}.

Growth in this occupation will not be
confined to industries that are major em-
ployers, however. Decreasing costs, re-
ductions 1n size, and expanding applications
‘have made the computer adaptable to a
wide variety of employment environments
with the result that most industries are
expected to staff higher concentgagons of
people with these skills. Asﬁsull,
between 1982 and 1987, projected em-
ployment for computer systems analysts
15 expected 1o increase by 5 6 percent to
6 7 percent per year. a rate almost three
tumes as rapid as those in other major fields
of science. Such growth will create an
additional 70.000 to 85,000 job oppor-
tuniti€s over that 5-year period. '

and growth in sclence employment; 1982-87

STAG/LOW .g‘lwmeﬁ
[ 1982 Employmert Growth Employment Growth
4 gm- 1987 1982-87 1987 1982-87
ploy-
Industry ment Annual | Sheare Annual{ Share
lewvel Distri- [growth of Distri- fgrowth of
(thou-} Level| bution] ratejgrowih| Level (bulion| ratejgrowth
sands)| {thou-| (per-| {per-} (per-| [thou-| (per-] {per-| ([per-
sands)| cent]l] cent}| cent]{sands}| cent){ centl| cent}
Totaimajorindusiries .. .. 402 470 56 3.2 61 491 .55 41 55
Busmess services ......... 119 148 18 4.4 25 157 18 55 23
Chemacals . .. ... e . 52 57 7 1.9 5 58 & 2.5 4
Finance, msurance. and ?'%_ )
realestate .. . . . .. . 52f 65 8 4.4 1 65 7 4.6 8
Mming . ...l 29 32 4 2.3 3 3e 4 1.7 2
Miscelianeousservices .... 118 130 15 1.9 12} 138 i6 30 12
Wholesaie and retail trade . . 2 38 4 3.7 & 41 5 5.2 6
All oth&rlnduslrles P 324 i) 44 2.8 39 i rg 45 4.1 45

NOTE STAG, LOW indicales ow.aconomic growth,iow-detense expenditure scenanc. OPTIM. HIGH wndicales hign-
economic growih/high-delense expenditiire scenario

SQOURCE Malional Science Faundallon
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Computsr
systems
afialysts

Expanding job opportunities in this
occupation will draw on S/E personnel
from other fields, to some extent masking
the need for personnel with other training.
In a science environment, most employers
require systems analysts to have a strong
foundation in physical sciences, mathe-
matics, or engineering; in business en-
vironments, knowledge of economics,
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awounting, ur business management 15
often vonsidered impurtant.”® Over the
yars, it has become increasingly diffiult
ty draw the line between computer scierxe
itself and use of the computer as a tool in
various uther disciplines. It is becausé of
the flexibility of the S/E work force in
meeting the need fur computer-related
skills, however, that this occupation has
been able to grow so rapidly.

Social scientists. Requirements in social
science Occupations are projected to provide
between 225,000 and 235,000 jobs in 1987.
These estimates may. in fact. understate
employment needs.in this occupational
category since significant numbers of social
scientists are empleyed:in academia. To
the extent these individuals state teaching
as a primary work activity, they will not
be associated with their basic area of study
by the data base used to predict occupa-
tional staffing assignments. Qutside of
academic employment, however, over half
of all social scientists work in the non-
manufacturing industries, primarily in
miscellanedus services (33 percent), busi-
ness services [11 percent]. and finance,
insurance, and real estate (7 percent).

Projected growth in, social science re-
quirements 15 among the fastest of the
noncomputer-related science fields, with
the average annual groyth rate ranging
from 2.2 percent to 3x~percent‘ This
growth is distnbuted relatively evenly
across industries indicating that industrial
expansion—not changes in the patterns of
staffing within work forces—is generalmg
most of thé projected increase in requife-
ments fqr these workers. In total, between
1982 arm 1987 an additional 25,000 to
15,000 jobs are anticipated to be created
because of growth in requirements.

Two occupational subcategories dom-
inate social science employment. psycholo-
gists [45 percent), and economists (15
percent). Employment requirements for
both these occupations are expected to
increase at an annual rate of over 3 percent
during the projection period. This suggests
a continuation of the growing tendency
of government and industry to use indi-
viduals with these skills as consultants.
Psychologists can be expected to benefit

“Department of Labor. Bureau of Labor Statistits, Occu-
pational Outlook Handbook: 1982-83 Edition, Bullenn 2200,
Apnl 1982 and Occupattonal Projections and Traimng Dato;
1982 Edition. Bulletin 2202 |Washingten, D.C.. Supt. of Dox-
uments. U 5 Government Printing Office. December 1982)

from suslained emphasis of human re-
sour.es developmént, health maintenance,
and program evaluation in such fields as
consumer protection, health, education, ete.
They can algp expect to be increasingly

" called on to analyze the psychological

mmpact of technological change.™ Econo-
mists, on the other hand, can anticipate
fan expanding role within industry by
applying their theories and slatistical tech-
nidues in areas essential to business man-
agement’decisions: marketing, pricing,
international finance, and forecasting.
Physical sciéntists. Because of its increas-
ing utilization in industry and relatively
strong ties to increases in defense expendi-
tures, physics is the fastist growing ef
the physical science occupations with a.
projected average annual growth in re-
quirements,of 1.4 percent to 3.0 percent.
The majority of this growth will be con-
centrated in firee fast-growing durable-
goods manufacturing industries—Ffabricated
metals, machinery, and transportation
equipment. The number of chemists, whose

employtmnent is closely linked to the chem-,

ical manufacturing industry, is expected
to increase at a rate of 1.5 perrent to 2
percent per year. Growth in requirements
" For geologists js projected to lie within the
-same range. primatily resulting from in-
*creased needs of the mining and business

. setvice industries. In total, the new growth

in thege three physical science occupations
is expected to result in 15,000 to 20,000
additional jobs between 1982 and 1987
Mathematical scigntists. Matheshatical
science is also Projected to be among the
" fastest growing of the noncomputer science
- fields. From 1982 to 1987, requiremens
in this occupation are expected to increase
from 2.2 percent to 3.5 percent per year,

_resulting in 5,000 to 10,000 job ofpor-

tunities. Similar to physicists, this otqu-
pation is sensitive to defense-expenditu
assumptions because of its preserice in
duraMe-goods industries that tend to re-
ceive large awards from m?itary procure-
.ment and RDT&E accounts.

Life scientists. The agricultural and
biological science occupations show the
smallest projected increase in science
requirements. Of these two occupations,
agricultural scientists are projected to grow
the slowest, barely keeping pace with

’ a

“Depariment of Libor. Occnpahonal Cutlook Hand-
book, itud.

Wb

average growth in overall employment.
Biological scientists are expected to grow
at twice that rate, nonetheless, this growth
will fall below that indicated for other
saience fields. In 1987, combined require-
ments in these occupations is expected to
range from 75,000 to 80,000, yielding 5,000
to 10,000 additional job opportunities.

engineers

Despite the.slowdown in economic
growth that began in 1979, severe shortages
in many engineenng fields persisted as late
as 1981.primanly because of the rapid
growth in S/E employment within private
industry. While the supply/demand situ-
ation had moved to balance by mid-1983,
the rapid growth of the GNP in that year,
the anticipated acceleration of technological .
change, and the large increases in defense
spending have generated concern about
the adequacy of the future supply of engi-
neering personnel to- mesl the expected
growth 1n requirements.'

According to the pro;ecuons developed
for this analysis, requirements in these
occupahions are projected to grow between
2.6 percent and 4.5 percent per year be-
tween 1982 and 1987 {table 5), Assuming
that the recovery wall continue and defense
spending will remain high, the actual
growth rate achieved should be toward
the top of that range. There would appear
to be, therefore, hitle indication that growth -
in demand would fall off appreciably from
the 4.7-percent annual growth in employ-
ment that was recorded over the 1977-82
period. By 1987, requirements in these .
occupations are expected to range from
1,295,000 to 1,425,000, implying a net
addition of 155,000 to 285,000 jobs.

The concentration of engineers in ex+
panding. high-technology industries is the
key factor undeelying the dntigipated strong
growth of requirements 1n these occupa-
tions. The nonmanufacturing busme/
service industry, which has a SET-intensive

“Natonal Sience Foundauen. * Industry Reports Short -
ages of SCenusts and Engineers Down Substantally From
1982 to 1983, Srience Resources Studies Highlights (Wash
ington, D C.. February 17, 1084 ) That actual reductions
in SET employment did not appear earlier than 1982 could
have been. i part, the result of personnel policees  Anecdotal
evidence suggests that, in anticipation of Future needs.
employers are adverse to releasing skilled workers during a
recession Such employment practices would sustain SET
employment during economic slowdowns, providing an
atificial floor for requirements.
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Table 5. Projected employment in engineering occupdtions; 1982-87 nological change and greater emphasis on
productivity, quality control, and cost

[Inthousands " i .
~ ! efficiency. These factors will lead to rela-
Projected employment tively more jobs for engineers within
s STAG/LOW OPTIM/HIGH  ° industrial work forces." .
. : — In 1987, approximatel of all engi-
Occupahion 1982 1987 JAnnual growth 1987 Annual growth . p? ¢ y‘:}ag f ‘"_:5
: . employment lemployment]{rate [percent)] employmentirate {percent| neel’lr!g requlremgn s wi € In either
—--— . electrical/electronic or mechanical sub-
Tolal enganeers‘ e e 1.139 1.296 26 1.423 4.5 SPECiéllies {Chal’t 7) Combined, these two
Aeronautical/pstronauticat . . 64 86 50| 108 1.1  occupations are projected to account for
Chemtcat™.. ...... .... . 53 57 16 61 2.7 :
Civii e . 163 . 175 1.3 188 2.9
Electricat/electronic o ~327 396 39 421 §1 . “National Scence Foundation, Changing Entpioyment ©
Industrial . o 109 120 2.0 131 3.6 Patterts of Scrernisis, Engineers, ands mucians.in Man-
Mechamical ... .. .. . 202 224 21f. - 248 41 fecinng Industries 1977.80, op eff ’
Metauurgacal.”é e 15 . 18 1.9 18 4.4 - -
Miring/petroteuvh . ... .. 28 32 28 32 2.7
ﬁgmeets‘n ec. . . 137 190 14 214 38

o
NOTES Because of rounding. comPonenls may not corfespond tofptais STAG.LOW indicates low-economic
growth low-defense eapendituie scenario, DPTIM, HIGH indMgaies high-¢conormic grbwih. high-detense

espenditure Bcenano
SQURCE Natonal SGience Foundauon .

work foreel s prujected to be the largest  transportation equipment, etc. Some of the
industrial employer of engineers by 1987,  antiupated increase for engineers within
representing one-sixth of total requirements  these industries will be derived from general 3
and an equivalent share of growth over  employment expansion as production is  §&[%3 Electricall
the 1982-87 petiod {table o). Most of the  increased to meet both defense and private  £; 2 electronlc
remaining engineers are expected to be  sector needs. A significant.share of new 0%

employed within durable-goods manu-  job opportunities, however, is expected to
factuning industries, including electrical and  result from changes in staffing require-
nonelectrical machinery, fabnicated metals,  ments resulting from such factors as tech-

Mechanlcal

t -

: : H L _—

: .- Table 6. Major industries determining projected level
: and growth in engineering employment

o . STAG/LOW ) OPTIM/HIGH .

) _ 1982 | Employment Growth Emplayment Growth

- ems- 1987 1982-87 1987 1982.87

. — ploy-
’ Industry ment Annual | Share Annual | Sheare
lovel Distri- |growth of Distri-| growth of o Electricall
(thou-| Level | bution] rate|growth| Level]butlon] rate|growth electronlc
sands)| (thou- | [per-| {per-{ (per-| {thou-| [per-| (per-| (per- 31%
sands) | cent}] c<ent)| cent]|sands)| cent}] cent}| ceni)
Tola}vsajor Industries . ... 707 8. 64 33 82f 925 65 5.5 77
Businesskervices .......... 188 217{ 17| 28 18| 220] 18] 39| 14
Communjcations ........... 43 46 4 25 41 5 4f 35 3
struglion . .............. 48 45 3| -3 -l s3] "4 11| 2
iodl machinery ...... 1 153 188 14 4.2 22 210 15 6.3 .20
Fapficatedmetals .. ... % 82| 106 8t . s.2 18] 127 9 9.0 18
chinery, exceptelectrical .| 112 142 11 4.8 18] 138 g g 8
Transportationequipment , ., s 80 85 7 1.4 4 19 8 8.2 14
L Allalherindustrles ....... ! 429 465 38 1.6 18] ..498 ki S.Q 23
-.;"“' - .

NOTE STAG/LOW indicates tow-economic growth/low-defénse axpandllure scenario, OPTIM/HIGH Jndicatas nigh-
economic growih/high.defense expapditure acenario. PR

_SOURCE National Science Foundallon

—_— .
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over one-half the growth in engineering
requitements hetween 1982.87 A third
occupation which is highly censitive to
growth in defense spending is aeronautical/
astronautical engineering Although this
occupation represented less than 6 percent
of 1982 engineering employment, it 15
expected to account for nearly 14 percent
of its growth over the #bsequent 5. year
period. .
Electrical/electronic  engineers. This
occupation is the largest of the engineer-
ing specialties and. in 1987, is anticipated
to provide between 395.000 and 420,000
job opportyunities The electrical machinery
industr mapor employer of electrical/’
electronic engineers; but significant num-
crs nf these personnel ate also employed
in business seyvice. nonelectrical machifiery,
precision instruments. and communiestions
industries ’
This oceupation is projected to be one
¥ 0f the fastest growing engineering fields.
and shows a marked sensitivity to defense-
expenditure assumptions Reguirements are
expected ty Increase witthlhe range of
38 percent to 5.1 percent Per year over
.the analysis period indicating a likely
increase vver the 4.1-percent annual rate
of employment growth recorded over the
preceding 5-year period In total, it is
_ projected that there will be 70,000 to 95,000
additional jobs i this occupation between
1982 and 1987 Nearly one-half of the
new jobs are expected to be concentrat
in electrical and nonelectnical machinery
industrics. the business service and com-
municativns industries are projected to
provide a significant share of those
remaining,. -

q;-r the past several years, ele(tncal/
elec tronic engineering has been conside
potential shortage field, with demand
exceeding the avalable supply of personnel,
Alternative projections were compared
tu the unes reported here to determine
the degree of cunsensus surrounding
anticipated employment growth in this
occupation

In 1983. the Bureau of Labor Statistics
(BLS] developed employment forecasts
over the 1983-95 period as part of its
medium-tetm occupational projection

program. Using its own macroeconomic’

mudel and assumptions regarding social,
political and economic development, an
annual range of employment growth of
roughly 4.5 percent was projected. The
BLS projection scenarios assumed stronger

ERIC

economic growth in the period prior to
1990. Thus, the rate of increase of elec-
trical/electronic engineers anticipated by
BLS lies within, but at the high end of the

range projected in this analysis."”

In 1980, the American Electronics

Assounation [AEA) conducted an employer
sutvey of 814 member firms requesting
prujéctions of requirements for these per-
sonnel through 1985. In " Technical Em-
ployment Projections of Professionals and
Paraprofessionals,”” the AEA reported
extrapolations of their survey results to
the entire economy estimating a 12-percent
annual rate of employment growth for
electrical/electronic engineers {more than

_double that under the OPTIM/HIGH

scenario), Employer projections are most
accurate when based on orders and con-
tracts in hand. generally for periods up to
one year. Over longer periods, company
plans tend to produce upwardly biased
estimates of total empldyment for a variety
of reasunsqfhese include overly opamustic
evaluations of future industry sales and
company performance (especially during
times of rapid growth), and the.inability
of individual companies to take account of
the zero-sum adjustments that govern in-
dustry ‘performance [within an industry,
one company’s gains are always at the
expense of another).
Mechanical engineers, Mechanical
engineering 1s the second largest engineer-
ng specialty: By 1987, requirements for
spersonnel with such skills are expected to
range from 225,000 tv 250.000. Employ-
ment of these engineers 15 distributed across
a broad spectrum of industries. The non-
electrical machinery and business service
industries are the largest employers. Sig-
nificant numbers of these personnel,
however, can also be found in electrical
machinery, fabricated ‘metal. transportatién
equipment, and construction industries.
The broad industrial base providing job
opportunities 1n this field generates an
employment response across scenarios that
is equally as sensitive to macroeconomic
as it is to defense-expenditure assumptions,
Between 1982 and 1987, the annual rate
of growth in requirements for mechanical
engineers 15 expected to range from 2.1
percent to 4.1 percent, generating a net
increase of 20,000 to 45.000 job oppor-
tunities. This growth, if actualized. would

' Munthly Labur Revtew, vol 106, No 11 Nuvember 1983

represent an acceleration of the 2.0-percent
annual growth rate in mechanical engineer-
ing employment recorded over the 1977-82
period. Growth in requirements reflect
anticipated expansion of the machine tool
industry, as well as changes in staffing
patterns throughout the economy that
reflect the need for additional personnel
to:operate increasingly complex industrial
équipmenl.

Aeronautical/astronautical engineers.
This occupation 1s highly specialized and
plays an important role in industnes in-
volved in defense aircraft and missile
systems, commercial aviation, and space
exploration. Employment in this oceupation
15 hughly sensitive to defense programs
and. because of.these programs, 15 expected
to be the most rapidly growing engineer-
ing speciatty over the next five years. By
1987, requirements in this occupation are
expected to range between 85,000 and
110,000. The annual rate of growth, rang-
ing from 5.9 percent to 11.1 percent, is
anticipated to generate an .ﬁd)ﬂo_r{:l 20.000
to 45,000 jobs 1n this™field over the
1982-87 period. &

Other engineers. Employment 1 the
remaining engineering specialties—civil,
industrial, chemical, metallurgical. and
muning/petroleum—s projected to grow
faster than that of the overall work forces
between 1982 and 1987. Taken indi-
vidually, however, these occupations do
not contribute significantly to the projected
growth in engineering job opportunities.

In 1987, combined requirements in civil
and ;ndustnial engineering occupations are
projected to range between 295,000 and
320,000. Growth in requirements for these
two owcupations between 1982 and 1987
15 expevted to be imited by the industrial
composition of these two work forces. In
the case of wivil engineering, major em-
ployment sectors—Gpvernment and the
construction industry—are not expected to
generate the expansion needed to sustain
prior levels of employment growth. As
for industrial engineering. the wide dis-
persion of this field's employment across
industries reduces the ability of any one
in particular to accelerate employment
demand. A combined net increase of 23,000
to 55,000 jobs 15 anticipated for these
occupations between 1982 and 1987.

Chemical, metallurgical, and mining/
petroleum engineering occupations
represent relatively few SET personnel,
and, together are only projected to provide
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between 105.000 and 110.000 job oppor-
tunities in 1987. Over the 5-year projection
period, it is anticipated that the net growth
in requirements in these specialties will
range from 10.000 to 15,000.

technicians

A$ the data show, growth in demand
for engineers and computer systems ana-
lysts has been closely paralleled by growth

in requirements for technician personnel:

These workers serve several important
functions within the SET labor market,
First, they provide highly specialized
techmcal support to S/E personnel acrass
the full spectium of activities, including
not only praduction, but also research and
development. Second, technicians have, in
the past. served an important role as an

employment buffer when the supply of

related S/E workers was inadequate to
meet demand.

- Over the past decade, however, this labor
market has been coming into its own. The
increasing technological complexity of
industrial and research equipment is open-
ing up many new job opportunities, and,
at thesggine time, 1s tequiring the acquisition
of Tnore specialized skills. The knowledge
content of technician jobs has increased
to the point where some degree of formal

training is becoming the rule not the-

exception. Moreover, some technician
occupations, such as computer program-
ming and engineering technology, are
requiring 4-y ar university gr apprentice-

ship programs. The more rapid the job~

growth and the more specialized the train-
ing, the mor inflexible is the supply of
necessary personnel. For these reasgns,
the adequacy of the supply of personnel
in these occupations has become an area
of concern._

According to the projection scenarios,
requirernents for technicians are antiipated
to reach 1,650,000 to 1,760,000 by 1987
(table 7). The business service industry,
the major employer of S/E personnel,
employs the largest share of these workers,
providing one-fifth of technician job op-
portunities. Outside of this industry,
however, employment of these personnel
is widely dispersed across nonmanufactur-
ing and manufacturing industries alike
(table8).

The dispersion of technician employment
thoughout the economy makes the demand
for these personnel responsive to both sets

Q -
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Table 7. Projected employment In technlclan occupatlons: 1982-87

R [t thousands)
Projected employment
‘STAG/LOW, OPTIM/HIGH

" ’ i
Qccupation J 1982 1987{Annuat growth| 1987Annuat gro%

employment qrnphoyment rate [percent) | employment| rate (percant)

Totattechnicians ......... 1,466 1.649H 2.4 1.760 3.7

‘Computer programmers .. .. 235 280 43 300 . . 5.0
Drafters ........ vt » 312 338 16 368 3-; »

Electricalfelectronic -

engineering ......... K 345 400 30 421 4.0

tndustriatenginesring ... .. 30 a3 . 1.8 | 3z 3.6

Meachanical enginesring ... . . 45 50 2.5 57 © 5.0

Sciencesangineering, n.ec. . 498 5a6] | \ 1.5 576 29

HOTES Becausa of rounding. comPonents may not correspong to totals STAG,LOW indicates iow-ecenamic
growth/low-defonse expenditur. scenarlo, OPTIM/HIGA mdicales twgh-sconomic growmfhi.gh-deiense

axpandiure scenano.
SOURCE: National Science Foundation
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Table 8. Major industries determining projected Ievel
and growth in techniclan employment

X STAG/LOW OPTIM/HIGH
1982| Emptoyment Growth | Employment . Growth
©am. 1987 1982-67 . 1987 198287 .
ploy- - i .
Industry ment Annual | Share .|Annuet] Share * .
Tlevell _ . | Distri. |growth of Distri-]growth] . of <
{thou=| Levet|bution| rate|growth| Levet|bution| rate|growth
sands) | (thou- | Iper.| [(per-| [(per.] {thou-| (per-| (per-| (por-
sands) | cent]| cent}| cent)]sandsil-eent)[ cent}|] cent)
Totalmajorindustries ....| 905! 1054} 63| a1l 82! 1109] 63l 44l 63 -
Businessservices ......... azo| a5 23 a2 o] ase| 22 44 26
Chemitals ................. 48 52. 3 1.6 2-|- 53 3 191 2
Communications ..... ..... 50 54 3 1.4 2 55 3] « W9 2
Electricatmachinery ..... .. 1 1121 138 8 4,7 18 t52] © 9] - 34 8
Fabricated metats .......... 44 49 3 23 3 59 3 59).. 5
Machinary. exceptatectricat | 123 155 9 3.9 13| 146] - 8 6.2 13
Miscettaneousservices ..... 89 102 6 2.8 7 108 6 3.7 . 6
Wholesale andretailtrade . . . 119 131 8 19 7 140 -8 3.4 o
AllGther industries .. ..... e setf sesl x| 12l ] ese| | a0l T,
NOTE STAG/LOW ndicates low- economnc growth/low-defense expenditure stenans, OPTIM:HIGHmdmatea rugh-
economic growin/high-defense exPendiiure scenarlo.
SOURCE: National Science Foundalion - .
t'f. fe ' ‘(f.k N

of assumptions underlying this analysis.
general performance of the U.S. economy,
as well as the level of defense expenditures.
Between 1982 and 1987. requirements for
these personnel are projected to increase
within a range of 2.4 percent to 3.7 percent
per year, a rate far in excess of total
employment growth 1hroughout the
economy. QOver the 5-year period. this
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growth implies a net addition of 185,000
to 295,000 job vpportunities. The fast-
growing business service industry is pro-

. jected to provide the majonity of employ-

ment growth in these occupations. A sig-
nificant. but somgWhat smaller share of
new job vpenings is expected to be con-
centrated in the electrical and nonelet.lnu.al
machinery industries.
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Computer _programmers, Computer
programming is prujected to be one of the
fastest growing of tedhnician uecupatons. ¢
Responding to the increasing use of the
computer both n business and tn S/E
applications, this oceupation 1s expected
tu represent more thatt one-sixth of techn-
c1an requirements by 1987 {chart 8). Insthat
year, the projections indicate a level of
requirements ranging from 290,000 to
300,000. The majonty of these requirements
will be ;n nunmanufactunng industries such
as business services, finance, insurance,.
and real estate, miscellaneous services, and
~whulesale and retal trade. Within the *

Etectricall N
electronic
engineering

anginearing 24%

Computer
Programmers

iy,
¥
". *

Electricalf \

sclancef

elactronic
enginesring

Computer i
programmers * /4%,
26% A

4
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manufac turing sector mest of the require*
ments will be foung in the'durable-goods
electrical and nonelecirical machinety
industries. . )
In the five years preceding 1982, the
employment of computer programmers
grew at an unprecedented rate of 13 percent
per year. Occupational analysts.have an-
tiupated, however, that while employment
growth in this occupation should remain
strong, it nonetheless should moderate. Ths
evaluation is based on the ret effect of
two réhds—the increasingsneed for pro-
grammers a more industrial job functions
are automated, and the reduction in require-
ments engendered by improyements in
applications software that have madé the
rascessible to other personriel '*
In keeping With these expectations,
growth in requirements for computer pro-
grammers 15 projected to range from 4 3
percent to 5 0 percent per year betweeen
1982 and 1987, opening up an additienal
55,000 to 65,000 jobs. Almost one-half of
this employmentgrowth is expected to be

generated by business and miscellaneous |

service industrids, pnmarily in R&D lab-
oratonies and establishpents providing
computer progiamming, management, and
accounting serVes, Most of the remain-
ing new job openings are expected lo be
found 1n the manufacturing sector, par-
ticutarly in industries producing efectrical
machinery. nonelectrical machinery. and
transpor tation equipment.

Drafters. Draftersiaccount for roughly
one-fifth of teth\uan employment, pro-
viding assistance across a wide range of
engineering apd architectural specialties.
These persom(lel are gengrally well-versed
in mathematics, physical sciences, and
manufacturing methods. By 1987, require-
ments for these workers are projected to
range from 340,000 to 370.000. Most
deafting job opportunities are expected to
be found in the miscellaneous service
industry, primarily in scientific, engineer-
ing, and surveying service establishments.
A significant share of the remaining jobs
15 projected to be concentrated in large
durable-goods manufacturing industries,
including electrical and nonelectrical
machinery and fabricated metal products

The rate of employment growth in this
occupation is prejected 1o range from 1 6
percent lo 3.3 percent per year over the

"Depattonent of Labor, Occupational Ou‘lfook Handbook,
op. cit.

' ‘ ! *

'198218? pénod During that time. an
additional 25,000 tv 55,000 drafting jobs
-are expevted tv upen. Must of this projected
growth in requirements will be concentrated
within the business service industry, as
well as n urable-guuds manufacturing
industries producing ele;t‘n-.al and
nonelectrical machinery.

Industrial growth and the increasing
complexity of industrial design problems
«an be expected tu contribute 1o sustain-
ing growth in this field. It 15 believed,
however, that new technologies such 5
computer-aided design and manufacture
CAD/CAM) may reduce the heed for such
personnel. If this be the case, growth"
rates lower than those projected may

acgually occur. .

/E technicians. The majority of tech-
ruwians are employed |n a vatety of S/E
subspecialties. Electrical‘elecironie engi-
neening, me harual engineenng, industrial
engineenng, and S, E_technicians, ne <
By 1987, requnrcménts in these vcgupa-
tons are projected to reach 1,020,000 to

~1,090,000 The majpnty of these workers
are expected to be emiployed as electrical/
electroruc engingering technicians, or in
“ the larger category. S/E technicians, n.e.c..
that includes specialties in asronautics,
agniculture, biology, inslrument.%_ion,
mathematics, meteorology. etc. In general,
¢he employment environment of these
technicians murrors that of their S/E
occupational countérparts with large
numbers working in R&D laburatories and
in major durable-guuds manufacturing
industries {electrical and nonelectrical
machingry, chemicals, transportation
equipment,+etc.]. A nutable exception 1s
the higher yuncentration of thesg workers
in trade idustries toperfurm sales and
customer-related service functions,
Between 1982 and 1987, requirements
in these owcupations are anticipated to
increase within a range of 2.1 percent to
3.5 percent per year, a rate of growth
sufficiently sirong to maintain,the rank-
ing uf these speaialties as a major sourie
of employmenr growth throughout the
economy. Over the 5-year, projection
period. 100.000 tv 175,000 additidnal jobs
are expected tu be generaled for these
personnel. Major factors underlying this
growth ;ndude industrial expansion,” as
well as changes in industrial staffing pat-
terns mandated by the complexity of state-
of-the-art industrial equipment and the
adoption of automated industrial processes.
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- -
In order to identify potential labor market
imbalances, derpand projechons musf be
compared to estimates of the available
supplyaf personnel. The occupational
supply model chosen for this@ﬂalysis
represents the state-of -the-art. Developed
under contract to NSF by Drs, Robert
DauffenBach, Jack Fiorito, and Hugh Folk,
the medel was first used in the midseventies
to assess the S/E labor market impact of
Project Independence, a pdlicy initiative
directed toward national ;nergy self-
sufficiency. For purposes of this study,
the model was updated to incorporate the
" most recently available data and to improve
causal structure within certain of the
/ model’s subcomponents.®

-

“The earler model application can be found in R.C.
DraufienBach, J. Fiorvto, gnd H. Folk, " A Study of Projected
Supply/Demand Imbalarices of Scientific and Techmical
Personnel,” Contract No. NSF C-5R576-80591 (Sullwater,
I Okla  Oklahoma State University. 1980) Desceiptions of
revisions and more detailed findings from the current
applwation are presented m B € DauffenBach and | Fionito,
“Projections of Supply of Scientists and Engineers to Meer
Defense and Nondefense Requirements. 1981-87.” Contract
No NSF-C.5RS582-10548 {Sullwater. Okla. Oklahoma State
Univesity. 1983).
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sharacteristics

The DauffenBach/Fiorito/Folk (DEE)”
mode] is unigue in that it depicts the supply

“system for S/E personnel in 21 occupational

categories representing computer specialties
(systems analysis and programming), en- -
gineering, as well as mathematical, physical,
and social sciences.®® For each occupation,
the model determines the supply of per-
sonnel in any given year from the supply

" in the preceding year-adjusted to account

forfhe net effect of worker flows into and
out of that occupation,

The primary focus of the model is on
the behavior that governs S/E personnel
flows. These flows describe changes in
supply that relate to'three types of workers:
New labor force entrants, experienced
workers, and immigrants fchart 9}. New
labor fore eéntrants, who have recéntly
terminated their education to'pursue ful-

(2) curriculum choice, [3) labor force entry,

and (4) occupational choice. A wide ygriety

of factors influence the supply béhavior

of these workers including demographic -

trends, 4he avail:;ility of family income
e

=

to finance college education, labor sarket

~ conditiéns, and the compatibility of college
coursework to occupatienal €4l require-
ments. {See technical notes, “Stock Flo‘w_
Model of Science and Engineering Labor
Supply.”) Experienced workers constitute
the second category of personnel who affect
overall supply. These workers provide a
short-term Flexibility to the S/E sup

4systemn that cannot be met through recen
collsge graduates. Omitted from most
supply analyses because of data, theoretical
and methodological constraints, occupas =,
tional mobililygbg-ue experienced work*"
force is incorporated into the DFF model
through estimates of persofnél flows into,
among, and out of S/E o¢cupations; also
included are flows out of the labor force
that result from deaths and retirements.

time S/E employment are'incorpdﬁ;{eg[ intp—x"&“g@eriéricéd ‘worker behavior in the model

the $/E supply as a result of the culmination
of four decisions; (1) degree attainment, -

Bncluded are computer specialists fcom puter systems
analysts and computer programmers). aeronautical/
astronauncal, chemical, crvil, electricalrelecerani, pidystaal,
mechanical. metallurgical miming; peiroleum, and engi- < ©
neers. n.e.c., and mathematcal, agucultupal, biokogical, earth.
olhe life and physical, and social scic:ims. n.ec, as well
as chemusts. physicists. economists. psychologists, and.

saciobogisfs.

M 22 -
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is determined primarily by job opportunities
across various occupations as well as
occupation-specific characteristics. The
third category of worker affecting supply
is immigrants whose behavior is affected
B}?hlabor market conditions and immi-
‘gration laws, '

The feature of the DFF_model that
resulted in its seleftion fbr this study is
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that the model can estimate supply response
elicited by changing job opportunities. This
response is especially critical in the face
N of ragid, short-term growth in requirements
such M that anticipated under the defense
buildup. For example, an increase.in job
opportunities within an occupation would
. induce more students to major in the related
.. field and to seek jobb in the occupation
" upon graduation. Moreover, it would entice
more experienced petsonnel to remain in,

or transfer into, these jobs from other
occupations and might permit immigrants
with this occupational skill to enter the
country under prefered-worker status. The
DFF model depicts®all aspects of this
=+ behavior. The market conditions used to

macroeconomic/defense-expenditure sce-
naros described in the precedipg section;
each projection, l_s‘ttenario generated its own
supply res onse. :
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drive the model werte based on the four -

alternative analyses
of supply” ~

Supply response restricted to new en.
trants ard immigrants. The most frequently
used methodology to assess potential

. market imbalances has been a form of
analysis at the margin, i.e., for any given
ime period, an assessment as to whether
the number of new 5/E graduates and im-
migrants is adequate to fill the job openings

. generated by growth in requirements and
attrition. This type of analysis considera-
Bly understates the flexibility of the S5/E
- labor market by ignoring occupational
mobility of the experienced work force.
Nonetheless, the case can be made that,
within the highly’ specialized S/E labor
market, individuals with field-specific
training may be best suited to fill require-
mentsinanygiven field.®

»

(e
ek

-

One set of DFF model simulations repli-
cated this form &f marginal analysis.
Growth in supply.each year was determined
by the net effect of labor force entry of
college graduates and immigrants minus
labor force departures resulting from deaths
and retirements. Implicit {o these simula-
tions was the assumption that transfers
into and out of S/E occupations by the
experienced work force were equal. These
simulations provided wpTst-Case scenarios
and were used to highlight those occupa-
tions most_prone to s ly shortages.

2

Phore recent amang in basi punviples may make new
enisants more fungible’ giving the employer an opporlunity te
irain a given job applicant 1n a numher of fields outsid
their discipline of study The occupational choice subcom-
ponent bf the DFF model permuts such field switching

LY
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Subply response including mobility. It
v unlihey that personnct shortages will
«fer b reflected oy unfilled jub vacanaes
tu the extent anticipated when supply
adjustiments are restricted tu new entrants
and inmigrants Labor markets will not
talcrate prolunged imbalances and will
quickly begin to make the adjustments
L::ceded to equilibrate the demand and
upply of personnel Employers can adjust
to $/L supply imbalances by adjusung their
hirng requirements * For example, in cases
“wf labor shortages, employers may use
“inesperioneed, willege graduates in higher
than uptinal proputtiuns, they may up-
grade technidians inte formerly spedified
S L jub upemings. ur they may employ
2persuns with S°F degrees and jub experi-
cnee 10 differéint fields from thuse in
demand The latter two types of adjust-
ity are cntal in determining the atylity s
af the S°E labur furce 1o meet short-tegjn
gromth requirernents "Buth ucLupativgal
transfers into*and vut of the S/E welk
furce as well as those amohg S/E vuu-
fatiuns can be explicitly accounted for by
thy, DFF muodel
Tu assess the full range of labur market
Hnami®®, the full supply system was
simulated without Lunblra% to equality
the Flows uf experienced workers into and
olit uf the S/E jobs Each year, new addi-
tions to supply wre dJerived from the labor
furte entry of new college graduates and
nmimgiants, as well as transfers from
other vcupations

labor market balance
inthe early eighties

Beture repurting findings about the
propcted balance of §'E supply and de-
_mund ir 1987, itas useful to provide a
puint of reference vn_the degree of labor
market balance at the start of the projection
period At the beginning of the eighties,
the U5 counumy was weakened by pet-
sistent rates of high tinemployment and
flavon Major sectors of the economy
were showing signs of weakness in’in-
dustrial output and productivity. During

—_—
FLraplavniau reguiemonts alw adust to the avanlabibty

wtosupply for example, emplavets van delay produd s,

* ot wders s overhime o abiust producion
teclimgues Thesd adjustments are exlremely Bilficudt te
auaniity and ar uot acowunted fur by this methudalogy
Thew are luwower cossidered secondaiy W the respunse of
~upply to changes it demand requisesnents

ERIC * R
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. that perivd, only a few S'E vccupations

were @f major concern o labor market

\ L3

of these surveys to be subsequently ad-
L)
dressed ipmote detail is that shortages do

analysts 1n terms of potential supply . not have to be manifested in unfilled job

shurtages Amunyg these uccupatiuns were
computer fields—buth systems analysis and
prugramming—that had undergune rapid.
unanticipated growth over the seventies
and that pronused to continue demanding
high numbers of trained personnel Also,
atnony thuse vciupations with potential
supply problems were engineering fields.
Certain speéialﬁcs, such as electrical/.
eleclronic, compuler, and petroleum engi-
neering, were of concern because of rapid
growth in demand. Thete were uther indi-
«ationys of problems in engineering o u-
pations, huwever. As faculty and graduate
tptudents were being lured frum academia
with the promise uf higher salaries withun
industry and gréater research vpportunities,
cuncern was being expressed that there
wuuld be inadeguate numbers uf professurs,
tu train futyre personnel.?
\'anuus%ur\reys and analyses of labur
market conditions over this penod provided
wrreburating evidence abuut the cuncerns
being uited. An analysis over this period
of labur market indicators (unemployment
rates, relative wages, and Ut‘C‘upatlunal
retention rates) vundudted by BLS, ind,_ated
that the engineering jub market was mod-
erately tight.** Two NSE empluyer surveys
resulted insimular findifigs. These sutveys,

vacandes Many of thuse employers who
tepuried shurtages in the earlier NSF survey
had. in Fact. met ther hunng goals, but
were furied tyincur the costs of increased N
recruwitment ef furts. ?® :

.

general labor market
eonditions, 1987

Twu concepts of labor marlet shortage
are used in this analysis. The first cuncept
deals with Hersonnel shortages. These

. 1
5I&rtdggs are derqed from the worst-case

supply sienanius that assume all labor
.narhet adjustment> were made through
new labur furce entrants and imnugrants.
It should bo remembered that this analysis

assymes sthat there was nu net.wuntnbu-

tiun to supply resultingfrom & cupational
mobility of the experienced work force.

* This worst-vase analysis 15 based on
several assumptions about tite degree of
imbalance the labor market <an $apport
befure prublems are expected to develup.
The first assumption 1s that shortfalls
in projected supply of up v 5 percent
would be tolerated as being sufficiently
small su that nuiminl market adjustments
could easily accomodate them. Occupations

designed tu determune labor market cons « n whith projecied supply fills short of

Jitions for new S'E graduates. indicated
that as late as fall uf 1981 industries were
reperinyg shortages for compuler scienlists
and systems analysts, as well as electrical/
electronic and petroleum engineers. In_
addition, rough matket balance was being
reported in earth sciences, and in industrial,
mechanical, and chomical engineening By
August, 1983, huwever, industrial em-
ployers were reporting no apparent short-’
ages, but were anticipating a return to
earlier rapid growth rates in the employ-
ment uf buth computer and electrical/

electrunic engineers. A relevant finding
t

Il
L4
Bstonal Soence Loundation,  bngineeting L alleges”
Repurt 104 of Fagully Pocmions Vacantyn | all topo,  Scwrce
Resourees Studes Hhghhghts (NS1781-332) {Waskunglon.
D¢ Movember 2. 1081], and Busness Higher Educsian
Forum, Engoreermg Munpower und Edncaton Foundation

demand witlun the 5-percent’to 10-percent
range is cunsidered to be df some con-
cern with respect to the ability of the market *
to adjust by providing either adequate
numbers of persunnel and/or personnel
of suitable traming and experience. Market -
cunditions in such occupations are judged~y
to menil gbservation Finally. of projecied
supply falls shurt of demand 1 an vecu-
pation by mute than 10 percent, and if this
shurtfall 15 expected tu be sustained, a
senious shurtage situation 15 indicated.”
Despite tha furced inflexibility of labor
supply in theve wenatius, the uverall supply
of S/E personnel is more than adequate
to meet'both growth in requirements and
the replacement needs resulting from deaths
and relirements (appendix tables B-9 to

»

Jus Fubre Cumpreilivenrss (Waslm‘glun DL Amerwan
Counuilon Education, Ok wober 1982}

1 Braddok, The Jub Markel fur Eugineets, Recent
Condiivny and Futust Prospedts, o Oucnpratrostd Uethook
Quurteely. Summer 198) "

24

i onal Soemce Foundabion. Labwt Mathets for N:w )
Saerwe and Enginvening Graduates i Private industry,
i af amd Industiy Detmiand dor Soentists and Engmeess
St Slack av Mul-lagd.  Diviswen ol Soence Resoures
Studies fremewr November 10483
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Table 8 Projected,sclencel - ot A

: ;"60: B o, w projected shortage
balence: 1967 . L: fields, 1g§? L.

. ™

! B 12] All science occupations show sub-
stantial personnel surpluses in 1987, Engi-
neering .occupations are mych closer to
being in balance, however. although some g

economic efficiency and labor market
petformance are not necessanly maximized
when sdpply and demand are in balance.
Such maximization is only achievegh when
requfremenls are filled with experienced
and appropriate]y trained personnel, unless
these cntenia are met, the general quality
of the work force will be diminished. Use
of inappropriately trained workefs is, in
itself, a manifestation of labor market
shortage.

QOver a relatively short period of time,
S/ E labor markef adjustments are achieved
prlmanly through occupational mobility
and, to alesser extent, through the increased

a

_——
®*R C DauffenBach and § Fonite. Projecionsof Supply of
Sugntsty and Engineers™ | op. cit

EKC

wll Toxt Provided by ERIC

- N

intiudes both computer syslems analysts and Pro.
grammers

*Supply of new eMirants and immigrants3s considered
insulficient lo meel growth in requiremants if supPply
astimates fall shon ol projected réQuirements by more
than § parcent

NOTES A ™" denotes hindings pased on the STAG/
LOW scenario: a "4 denotes those pased on OPTIM/
HIGH. STAG/LOW indicates low-economic growin/low.
defense expenditure scanafio, OPTIM/HIBH indiCates
high-economic growihfhlgh -defanse expenditure
Sconario.

SOURCE Nationat Sclence Foundatton

e

Nuse of S/E college gra,duates‘and immi- |

when inadequate umbefs of new labor
force entrants and ifnmigrants are available
to meet both growth and replacement heeds.
When mobility 45 taken into account,
potential shortages decline dramatically.
For the STAG/LOW and OPTIM/HIGH
scenarios, the shottage of aeronautical/
astronautical engineers in 1987 ranges from
2.3 percent ta4.2 per.ent of supply and
represents only 2,000 to 4,500 personnel.
In that year projected supply growth under
the STA G/LOW scenario is comprised of
roughly 9,000 experienced workers entering.
from other occupations, 2.000 new entzants,
and 100 immigrants; the comparable figures
for the QPTIM/HIGH scenario are 13,000,
2,000, and 200, respectively (appendlx
tables B-13 to B-16).

The number of workers entering aero-
nautical/astronautical engineering from
other occupations grows comtinuallyover

25.

. specialties are projected to have shortages » Occupational mobliiy Aeronautical/astronautical engineers.
of 1. Sh o g , t “New . (iveded : : : . : N
of personnel. Shortages are indicated for Employment in.this engineering specialty

" both aeronautical/astronautical and elec- z:l;al:t: , gt:‘,:;?ltn " was projected 10 increase at an average .
trical/glectronic engineering occupations. S m,gmntsl{’ requirements? " annual rate ranging from 59 percent to
Among the remaining specialties, industrial sufficien e 11.1 percent between 1982 and 1987.
and mechanical engineering appear to be | tomest] - Lowle  Growth in this.occupation is expected to
in rough balance, all e‘lhe?‘tnglheenng - growth In :'}h e m?derale outpace additions to supply from new

- fields are projected to have personnel ~» % m:,:':;:; g ln::;lz in-n::;‘u?; entrants ‘and immigrants. indicating a
sirpluses. According to these scenanios, e shortage situation~regardless of the levels
the largest sh‘cirlag‘e of personnel is in » Shortage ::;?::I;‘: p.f defense and nonj.efense demand being, =
computer specialty fields (table9). : simvglated. While available supply of pet.
The second concept of personnel short. ~ Combuter , - . sonne! in this occupation appeared to
age. quality of the work foree, is msed spectatists! . * exceed demand in 1982, by 1987 shortages
to analyze results from the full supply  Sclentists: . L are projected to range from 15 percent in
system model that includes market-sensitive gﬁ;icu:;'";a" -,': STAG/LOW 1o 45 percent in "OPTIM/
occupational mobility. With occupational Che:wgrs!s “s HIGH. suggesting the need for an addi-

"mobility taken into account. no $/Eoccu-  _Geotogists .. "+ tional 10,000 to 35, 000 personnel (chart10).
pation 1 characterized by market imbalance Mathe-, ! * The high concentration of aeronautical/
under the criteria sewearlier (appendix tables . Matical Cot . astronautical engineers in relatively few
B-17 to B{20). The adjustments withinthe ghysiclsts M : industries would suggest that personmel

acial...... vt . . X
S/E('Iabor market that are needed to meet shortages could lead to sa)ary escalation. .
growing requirements, however, suggest ~ Engineers: production delays. or other employer-
a problem seldom considered explicitly in A:;to::f_u"ca” oriented demand adjustments, within-in-
studies of demand/supply balance. That nautigal ... |. o+ dustry competition could also arise between
problem is whether latge market adjust- $hamical ... ax" commercial and defense production. Em-
ments can be sustained while fully meeting Givil ....... \'.* ployment in this occupation is highly
the requirements for specialized 5#. per- Elactrical/ . sensitive .to cyclical swings'in industrial, -

. sonnelin terms of quality. As stated in l:;:::?;‘?_: ol -+ performance. T ore. cancellation of

the report prepared by Drs. Bobert Dauf- Mechanical . o4 major air systems or sustained depression
fenBach and Jack Fiorito, market-sensitive Metaliurgical X in the demand for commercial aircraft could
mobility, “. . . necessitates an adjustment Mining/ | . rapidly alleviate a shortage situation.
in how we think about shortages and pefroleum . |~ *.+ Ocgupational mobility within the ex-
surplises. ™ It is important to realize that E:i"laers’ ‘e perienced work force can also be expected *

= = - to alleviate potential personnel shortages
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‘!ﬁe a}ectlon pjemod reaéhmg ctnt
. ® IRpercent of supply, by'1 [ch@rt - ,.-
.. 11)!Such sustained f\{ghrales' of m-mo‘bﬂ:tg,r .,
- couldngt be atnlmned*without Affecting -
the quality of this work forcéaas greater
numbersiaf lrmppropné\tely trained petson- 7
nel are asked to perform Ehvsejob functiond, . |
In-mobrfe workers éan be e:;pecbzct to "
"comé from both other S/E.occupations and, -
Sﬁpplye stments based'orr . M t0 lesser extent, Fronf non-S/E fields. In _
| new antrel'ﬂs end’ Irnrnlgrents w T _ the case of the’ former, workers can be
- 2onsidered some\ﬂat .interchangeable , ¢
because of ‘cgmmon, training in baSic ™

§. Supply edjustments besed Onl new 'ﬂf\tfaﬂ'*s- .  principles. Nonetheless, some’time willbe’ '+
Immigrants, end occupétions _"‘09 ity required to gain relevant experience in the
« _ new field. As an example, at Wright- |

Patterson Air Fbrce Basé military personnel -
] - who-wer trained-in physics.’ nr::élhar&cal
) engineering. and electrical engire®ing are
- + - Potentlal shortage, OPTIMHIGH - ) ret%ained af aeronautical engineers to help
: ___} Jlleviatg problems in recrpitingtand reten- -
R tion in this specialty. T program&la;t' .
18 months, .6 months, &hd 9 mopdhs,
. respeqtively, and even after such. frgiling”
is compléted, functional level in the new
field 15 considersd to'be entry level. Thus, -
extensive formal of on-the-job retrilrhng ’
. tq meet rapid employment growth can .’
result 1n subs®ntial costs andyroductwn g
gdelays while still producihg warlers
with insufficient work expenence‘ln the o
new Held, .
In-mobile workers can also be’ drawn N
fromnon-S/E fields during periods of ex- | .
teadrdinarily high demand and include, fﬁr .
example, technologlsts and othérhon-S/E |
graduates. This behavior was evidenced
in the engineering market during the fifng,s
and early sixties when defense and space R
programhs generated a rapid g,rowth in
demand for engineering skills. Duting this
period, it was estimated that aondegteed .-
- . personngel constituted as much as 25 percént .
of empfloyed engineers. ™ Excessive reliance +

H ) -4
[l Potentiar shortage. sTAGILOW
. M {

e

“Based on findings from Department of Aeronavull amd -
Aslronauties, Anr Force Inshitute of Technolgy. Wright-
Palterson Awr Force Base P. Torvigyar R.Fontana, “Ab
Enginetnng Program for Scierfce Gradiates.™ Proceedings.
North Cenlul Section. Amencan Society for Engmetnng
Education {Drayton. Ohio. Apnl Z3-25, 19811

“Hased an 1958 data OF those workers emp]oyul in Cﬂsl-
neering without a bachelor's degree, two-thirds-rgperted -
having une to thiee years of volege. ane fifth lepotlgd'only
to have graduated from hugh school, and one-eighth upomd
to have less than hugh-school Waiang Natignal Science,

* Foundatwon, Charactertstics of Men Employed e Engineer. -~

mg Jobs wn the Uidited St]tes 19953 [Wuhlﬁslom D.C.
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on such personnel also exacts costs and 1s
an inadeguate long-term sulution to short-
ages of approprl\alely trained workers,
Rapid employment growth in an occu-
pation can also be expected to exert pressure
on academic institutions. According to

supply projections, the number of new

aeronautical/astronautical engineering
graduates entering the labor force between
1982 and 1987 would increase by 1.0
percent pet year under the STAG/LOW
seenario and as much as 3.8 percent per
year under OPTIM/HIGH. Accelerated
growth in new labor force entrants over a
relatively shortr S-year period can be
achieved 1n either of two ways. First,
students already in the plpelin'e can be
encouraged to <hange majors, potentlally
straining the avaflable academic capacity
to produce such engineers, or, second, as
was evidenced 1n engineering occupations
during the tight labor market of the late
seventies and early eighties, students could
be enticed to forego advanced degrees so
as to capitalize on strong job gpportunities,
This latter behavior could reduce the
quality of workers with respect to formal

training. More importantly, however, it

could also jeopardize the future supply
of faculty needed by academia.®® .

Computer specialists. According to NSF
taxonomy, computer znalysts and computer
programimers are representative of science
and technician occupations, respectively.
Data needed to estimate the supply model,
however, could not be disaggregated to
differentiate between these two specialties,

they were therefore combined for the °

analysis of labor market balance. Require-
ments for this combined occupation are
expected to grow atan dnnual rate rang-
ing from 4.9 percent to 5.8 percent over
* the projection period. Regardless of sce-
nario, growth in the supply of new labor
force entrants and immigrants is projected '
to fall behind’ that of demand, ‘thereby,,
leading to an increasing shortage in the
years ahead. By 1987, the projected supply
shortfall ranges from 15 percent in STAG/
LOW to 30 percent in QPTIM/HIGH,
generating the need for an additional
115,000 to 140,000 personnel. .
As with the aeronautical/astronautical
engineering occupation, computer systems

k)

*Over longer penods of time, academic instituttons Mmay
be it equipped 1o inctease eneoliments 10 levels projected m
the model The model cannot account for institutionat con.
strainis of this nature

[Kc
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analysis and «omputer programming re-
quire large inflows of personnel to meet
growing demand. Under the STAG/LOW
and OPTIM/HIGH scenarios, compuier
spedialty fields receive a dramatic infusion
of workers from other occupations, re-
ducing personpel shortag® to within a
range of only 1.6 percent to 1.8 percent
in 1987, roughly 9,000 to 11,000 workers.
Labor market dynamjcs depicted by the
DFF model show that 1987 increments to
supply in the STAG/LOW scenario are

projected to include 59,000 in-mobile

workers, 13,000 new labor force entrants,
and over 1,000 immigrants. The stronger
growth in requirements under the OPTIM/
IGH scenario generates adjustments of
4,000, 14,000, and 1.200, respectively.
In-mobility plays an important role in
computer specialty occupationsover time
to meet growth in requiréments over the
projection period. By 1987, workers enter-
ing from other occupations would represent
roughly 11 percent of total supply. Tradi-
tionally, computer occupations have been
very flexible in terms of accepting workers
from other fields. [t must be kept in'mind.
however, that business and S/E applications
in these occupations cannot be differ-
entiated with existing data, and both differ
significantly with respect to background
trairhlring. Personinel working on S/E appli-
cations are generally &xpected to have a
strong foundation in pinciples of physical
sciences, mathematics. and engineering
fields; for more complex applications,
graduate degrees are becoming increasingly
common. Therefore, if rapid growth occurs
in S/E-application systems analysis and
programming, continued high transfer rates
from other occupations may be difficult
to sustain. This will be especially true as
more advanced applications are introduced
in areas such as CAD/CAM, information
technology. telecommunications, and the
sophisticated modeling encouraged by the
development of the supercomputer.
Electrical/electronic engineers. Employ-
ment of these engineers is expected to
increase at an average annual rate ranging
from 3.9 percent to 5.1 percent between
1982 and 1987, Projected increments to
supply based on new labor force entrants
and immigrantg are adequate to balance
projected émployment in this field at low
levelg of defense spending. Under assump-
tions. of high defense expenditures, how-
ever, supply may be bately adequate; by
1987, a potential shortage of up to 30.000

Y

J

personnel cpuld arise if assumptions made
under the OPTIM/HIGH scenario are met

When occupationally mebile workers are
includled as a source of supply. however,
the high level of demand for this specialty
induces a positive net inflow of personnel
By 1987, labor market balance is indicated

*across all scenarios, with OPTIM/HIGH

scenario showing a moderate surplus of
almost 1000 workers Additional employ-
ment requirements generated in the last
projection year under this scenario elicit a
supply response of 18,700 in-mobile ex-
perignced workers. 15.700 new entrants,
and 1,200 immigranks. While the rate of
incmobility required to alleviate potential
personnel shottages are nat as Kigh as those

required for aeronautical/astronautical

engineers or computer specmlls‘s, they do
rise over time reaching almost's percent
of requirements, .

potential supply
constraints in
technician

occupations

The supply of technicians is difficult to
measure because formal training cannot
be used as 2 means of identifying the
population available to fill these jobs. For
these occupations, there is no model of
supply comparable to that developed for
the 5/E work force. In order to identify
potential supply constraints. it was assumed
that growth in requirements, much in excess
of those attained in the recent past, would
likely result in labor market adjustment
problems. Thus, actual employment growth
rates for 1977-82 were compared to pro-
jected growth rates in requirements for
1982-87. '

Three technician occupations—drafters,
mechanical engineering. and industrial

‘engineering—are characterized by an accel-

erated growth in projected requirements
(chart12).%

.

*The Current Papulation Survey (CPS) which was used
to derive the actual 1977 82 emplayment growth rates con
tons few people categerized as mechomucal ar industnal
emgmering lechasoses Crowidls Tates are, Lherefore, exteemely
vanablt and should be interpreted wath cawhon
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OPTIM/HIGH -

In all three cases, there were individual
years within the 1977-82 period when
growth rates as high as those projedted
were achieved A problem arises, however,
from the fact that the projected inereases
In requirements for 1982 to 1987 are
dramatic when taken in the context of the
sharp recession-induced reductions in
employment at the start of the decade. The
likelithood of future shortages, therefore,
will be a function of both the ability of
employers to attract new workers to these

. occupations, as well as the increasing
amount of time needed for traiming because

of the growing technological complexity

of the workplace.®'

conclusions

»  The principal conclusion of this analysis

. ' 15 that strong growth in demand s projected

to create pfoblems.in three S/E occupations
computer specidlties, which have had a
relatively tight labor market over the past
decade, and aeronautical/astronautical and
electrical/electronic engineering, both of
which are expected to be seriously affected

't antiopated that computer aded design and manu
lautare [CAD CAMY will reduice the gend for drafters Shoild
this be the case 3 tual emplovment growth mav be lowed
than that projecied C Bebinky  CADVCAM The bndustrsal
Reveluton WA Awthassador, July 1as2

’ N .

by the level and pattern of the defense
buildup. Some attention should also be
given to those technican occupations—
drafters, mechanical, and industrial engi-
neeting—for which the projected growth
In requirements s expected to accelerate
in the years ahead.

Despite the high levels of skill required
in these fields. labor market adjustments
are likely to be made. even over a relatively
short 5-year perwd. muderating identfiable
personnel shortages that could potentally
be manifested as job vacancies. The process
by which the labor market equilibrates
demand and supply. however, can be
expected to have an impact on the quality
of the SET work force. The larger the
required adjustment, the more likely it is
that employers would be forced to hire
individuals wathanappropriate tramning
and/or eXpenence Such quahty downgrad-
ing is. itself. a manifestation of labor market
imbalance and can impose very real costs
not only in terms of employer-supplied
traineng. but more importantly 1n terms
of productivity and quality losses. These
effects can significantly hinder national
programs such as the defense buildup.
Finally, the costs of current market ad-
justments can have an impact on future
S/E labor supply if the academuc sector
faits to retain graduate students or cur-
rent faculty,

2
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technical notes

T projectionmodels - .

defense mtermdustry forecastlng system (DIFS):
employment projections

\\

The Defense Interindustry Forecasting
System (DIFS). 2 collaborative modeling
effort undertaken by Data Resources,
Incorporated (DRI) and the Department
of Defense {DOD), was used to generate _ T 2 :
the employment projections presented in : Dﬁ:@;&‘:ﬂ;‘gm 3 SR M::srz:‘c;?gmlc
this analysis.* Built around the DRI macro- - (user supplied) 3 (user supplied)
ecanomic forecasting model, the DIF Sys- - :

.tem can estimate total occupational re-
quirements under varying assumplions lﬁ?g;‘;ﬁ
about the operations of the full economy. L7
In addition, the system’s defense interface
permits the integration of detailed defense
expenditure information making possible
an analysis of the expected impact of

a

alternative defense budgets on key indus- ' 2 Cost/price
tries, skilled fabor, and raw material cate- foree.a:l:ng
gories. The general strugture of the system Interindustry moce

is depicted in chart A-1; a description of ; foracasting

basic model components follows.

. Total - Occupatlonal Strategle

"The DIF Systetn 1 matntamed and marketed by DRI. employment employment materlale
The Cffice of the Assistani Secretaty of Defense, Départment by sector Lo
of Defense, maintaing*il own version under the name of :
the Defense Economic impact Modehng Sytem [DEIMS). defenss
for more complete documentation se¢ David L. Blond.

Defense Economic Impact Modeling Sostem” (Washington,
D Department of Defense. July 1982} and Data Resources,
Incorporated.  Selected Examples from DR)'s Defense
Economi, Service” (Washington. D.C.,1982).

non-
.defense

e 30 o ‘
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defense trahslator
and interface

The defense translator provides for the
translation of defense planning into a
framework consistent with the U.S. Macro-

*economic and *Interindustry Forecasting
Models. The interface starts with DOD’
five-year defense plan (FYDP) which is
presented in terms of total obligation
authority [TOA). a constant-dollar measure
of the cost to complete anticipated pro-
curements. The impact of the FYDP on
the economy. however, occurs only when
actual contracts and expenditures are made.
A TOA-t0-Outlay Translition Model is
therefore needed to convert the planning
budget as defined for 50 budget accounts

into outlays per year * These, in turn, are -~

combined with expenditures authorized in
earlier years Once total defense expendi-
tures by budget category are obtained, a
Defense Industrial Share Matrix is used
to translate expenditures into final demand
by commodity This share matrix. de vel-
oped by DOD. represents the unique
pattern of defense final demand by 4-digit
Standard Industrial Classlflcatlon [slQ)
groups. :

Once final demand is allocated by SIC _

group. the Defense Interface is used to
ensure that changes in industrial com-
position generated by the defense budget
are aecounted for in the macroeconomic
model. To do this, a preliminary pass of
the macroeconomic model is made with
the specified pattern of defense final
demand m order to adjust those model
factors that define national industrial
production.

macroeconomic
model

The DIF System is built around DRI’s
Quarterly Model of the U.5. Economy,
orie of the major, large-scale econometric

models used for forecasting and policy
evaluation.? Fifty exogenous variables are -

available for use in defifing various eco-
nomic scenarios. These variables fall into

The 50 defense budget categones fall under five major
account headings military per 1, operations and maln-
Ienance, PrOCUIGMEn, reses) mmnl. testing. and
evaluation. and mibitary corbirucuon.

*Orto Eckatein. The DRI Model of the LS. Economy
[New York McGraw.H k Company. 1983),

ERIC
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six categories. Fiscal policy, monetary
policy, energy, agricultural prices, foreign
economic activity, and demographic trends
The 1,200 equations of the model define
the behavior of major components of gross
national product (GNP). Federal, State,
and local Government sectors; international
trade; wages and prices; employment;

“financial markets; and industrial pro-

duction.® Within this model, the impact
of the levels and patterns of defense and
nondefense activities on industrial pro-
duction are estimated.

interindustry model

The interindustry model i%iynamic
input/output (I/O) model that #étermines
direct and indirect industrial production
in both defense and nondefense sectors of
the economy. The [/O coefficients used
at the time of this analysis were based on
the 1972 400-commodity, benchmark tables
published by the Bureau of Economic

Analysis of the Department of Commerce

These coefficients were updated to 1978
using an econometric technique that modi-
fies production coefficients to account for
the influence of both long-run economic
trends and business cycles. For subse-
guent yeass, coefficients were forecast to
reflect shifts in industrial structure that
occur in response to changes in prices
{determined in the Price Forecasting Modei)
and technology.

total employrr;ent
model

Production as determined in the 1/O
model, is translated into estimates of total
industry employment through a series of
production equations that relate levels of
industrial output to labor input and a trend
variable that serves as a proxy for both
changes in productivity. and.growth in
capital stock. These equations imply a
desired employment level corresponding
to given levels of output. Actual employ-
ment. is then derived using a partial ad-
justment mechanism that accounts for
delays in moving to desired employment

The Quartetly Model 1s updated bannually The modet
version used in this analyss was that in operation as of July
1982, this version incotporated the mapor changes in tax
pohicy initiated by the Reagan Admunistration and passed
by the Senate i the summer of 1982,

levels until output changes are recognized
as permanent.

occupational
employntent by
industry

Total industry employment is distributed
across occupations based on staffing pat-
terns derived from the Occupational Em-
ploy ment Statistics (OES) matrix developed
by the Office of Economic Growth and

"Employment Projections of the Bureau of

Labor Statistics (BLS].* At the request of
the National Science Foundation (NSF).
BLS provided DRI with two matrices for
this analysis: One depicts actual data for
1978, the other presents projected 1990
staffing patterns, that reflect anticipated.,
changes in industrial occupational require-
ments expected to result from changes in
technology and product mix. Linear inter-
polations of these matrix coefficients were
used to determmine industrial staffing needs
in interim years. Staffing patterns for 84
aggregated industries were used int this
analysis. A histing of these sindustries is
presented in table A-1.

The OES matrix o5 the basis of employment proi®uons
denved by BLS A description of the data. as well a5 BLS
employment Projechons can be found 1y Monthly Labar
Revrews. Vol 100, No 1], November 1983

Table A-1. Major industrlai groupings
used for analysis

Industry Related Census-SIC
codes, 1972 edition -
Agriculture, forestry, .
and fisheries
Livestock and '
livestack products | part 01, part 02
Other agricuttural
products ........ .. | part 01, part 02
Forestry and tishery
products ... ..... 081-4, 0N, 097
Agricuiture. lorestry.
and lishery
services.. . .... | 0254.07 (excluding .
074).085, 092
Mining
Iron and lercoalloy
oresmining ...... 101,106
Nonlarrous metal
oresmining ...... 102-5, part 108. 109
Coalmining .... ... 1111, part 1112, 1211,
) part 1212
Crude pefroleum and
naturalgas ....... 131, 132, part 138
Srone and clay mining
and quarrylng ... | 141-5, part 148, 149
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Table A-1. Major industrial groupings ndustry Ralated '6ensus-$lc Ialry Related Census-SIC
used for analysis—Continued ‘ t codes, 1872 edition codes, 1972 edition
eguipment ....... n
Industry . Related gggs::i’“s;g Primary metats . Aircraftand parts . ... [ 372
: . Prmary iron and stes Other transportation
Chemicat and tartitzer manulacturing .... | 3312, 339, 3462 equipment ....... 373-5, 3792, 3799,
mineral mining.... | 147 - Primary nonterrous - {2451
Consiruction "melals " Preclsion instruments .
New conslruction .., . | part 15-17, part 108, m‘ﬂ“\mr‘s -i.. [333-6,3463 Prolessional, scientlic, '
- | pari 1112, part 1212, | Fabricsled meta . and contraling .
part 148 Ordnance and - instruments and
Maintenance and, .| accessorles ...... | 3482-4, 3489, 3761. supplies ....,..., |381, 3822-4, 3820,
repair construction | part 15-17, part 138 3795 384, 387,
Food and kIndred Metal containers . ... |341 v Oplicat, ophthalmic.
products . ....... ... | 20 : Heating. plumbing. p ) and photdgraphic
Tobacco manutacturys: I'21F . ° amds‘f“m enetal . ©_equipment and
Textiles and apparel i s pro uct:m ”””” 343-4 . supplies .......  [383.385-6
Fabric, yarn, and s “ewdm:w "ed . Miscellaneous
theeadmills ...... | 221-4, 226, 228 ;';“:m:" 246.3465.6. 3460 manufacturing....... |39
Miscellanegus texiile : Other iabri cated m el | ' . Transportation,
i goads and floor products ......... 342, 347, 349 communicgiion and
covenngs ........ 227, 229 ﬁacl‘lln ary. axcerlui T utllities
Apparel ....0....... 225 elacirical ¢ Transportation and . .
Miscellaneous tabn- Enginesand turbines | 351 warahcrusmg """ 40-2, 44-7
T cated textile Farm and garden GCommunications.
products . ....... | 229 machinery ....... 352 excep! radio
Lumber products Construction and andTV........... 481-2, 489
Lumber and wood mining machinery | 3531-3 Radio and TV
products. except Materials handling. broadcasting . .... 483
comaners ..., .. | 241-3, 2448, 249 machinery, and Electric. gas, water,
Wwood conlainers .... | 2441, 2449 equipment .. ... {asna7 and _sanltary .
Household furniture . { 251 Metal working services. ......... 49
Other lurniture and machinery and Whelesale and.retail
fixtures .......... 252.4.259 equipment .. .. a54 andtrade. ...... .... 50.7. 59. 7396, 8042
Paper and allied 7 $pecial industry. Finance. insurance,
producits » machinery andr and real eslate
Paper and aflied equipment 258 . Finance and
products. except General in dust.r; ol insurance ........ 60-4, 67
containers ....... 261-4, 266 machinery and Reatestate and rentat .  |65-6, part 1531
Paperboard s squipment . . - 256 Other services . ‘
_ containers ... . .| 265 Office, comp unh}; e Hotels and lodging. .
Printing and Publishing | 27 R accl'ou nling ' . . personal and repair
Chemicals and allled L machines ... ... 257 services. ......... 70-2. 7624 part 7699
products - - ;3-“;% i . Service industry Eating and drinking
Ghemicals and TR T ' machines ...... 258 places .... ...... 58
selécted chemlcal ’ . Miscollaneous - Aulomobile repair
+ products-......... 281, 286-7. 289 machinery ....... 359 and services ...... 5
* Plastics and synthetic Elecirical machinery Amusements ....... 78.9 N
materials.......... 282 Electrical transmission Businessservices ... |73 (excluding 7396,
Orugs. cleaning. and and distribution . , ’ ‘17692, 7694, parl 7699
¥ toletpreparations | 283-4 equipment and . Health, educational,
Paints and alhed industriat social services, and
products ........ 285 ‘Bpparatus ........ 361.2, 3825 nonprofit organizations  |74.80 (excluding
Petroleum setining and - ¢ Household a 8042),82-4, 88,8922
related industries..... | 29 appliances ....... 263 Government .
Rubber and miscet: - Elactric wiring and | Federal Government
taneous ptastic wirmg equipment  [364 énterprises . ...... Nol applicable
products ...... Ceeanes 30 Radio, TV, and f State and local
Leather products communication g government
Leather lanning and equipment ....... |365.6 enerprises
brishing ......... 314 Electronic components . Government industry
Footwsar and olher - - andatcessories .. [367 Other
leather products .. | 313-7. 319 ' Misceilaneous elec- - Noncomparable
Stone, clay, and glass " trical machinary. imports ... . .... [Notapplicable
preducls equipment, and Scrap. ysed, and
Glass and glass - supplles ...... ... |3es second-hand goods
products ......... 321-3 . Transportation Fle.st of Ihe world
«Stone gnd clay equipment i . industry -
products ......... 324-9 Motor vehicles and A B Household industry o

El{llC | ) a 32 o _ - 27
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.. dauffenbach/fiorito/folk (DFF) model: stack-flow

- . -
-

model of science and engineering labor supply

The DauffenBach/Fiorito/Folk miodel is
the most comprehensive model of S/E labor
supply available. The supply system of
S/E personnel depicted by the model con-
sists of four major distinct-but-related
components including: (1) the existing
stock of S/E personnel; (2] flows of new

entrants to S/E occupations; {3} flows of |

experienced workers Into, among, and out
of S/E occupations; and. (4} international
flows of S/E workers (chart A-2).. The
model attempts.lo capture, to the extent
permitted by data availability and com-
patibslity, the complex behavioral rela-
tionships that generale the flows of per-
sonnel into and out of this labor market.

The model provides estimates of the
supply of S/E personnel in 21 detailed

Degree
attalnment

New S/E
_ graduates

Nonwork -
activities ;

New entrants

to SIE
employment

-

occupations (lable A-2). Supply in each

_year is determined by the previous year’s

stock adjusted for the three major flows

detailed above. Each of these flows is related
to projected labor market conditions in
the various occupations under the assump-
tion that supply responds to changes in
demand. For this study. projected market
conditions wete based on the four macro-
economic/defense-expenditure scenarios
generated by DRI’s DIFS. Thus. four sets
of supply estimates were generated—one
for each demand scenario.

The remainder of this section closely
follows the structure of the model and is
designed. in part, to provide an appreciation
of the complexity of modeling the S/E
supply syslem. The description of each

+

model componenl highlights those factors
which determine supply behavior.®

C ~}

“A thorough discusston of the theory underlying the model,
as well ag its esimation can be found m (wo reports. Robers
€, DauffenBach and Jatk Fionlo. Projections of Supply of
Scientisis and Engieers to Meet Defense and Nowdefense
Requirements: 1981-87. NSF Contract No SRS-3210548

. (Sulbwater. Okla.- Coliege of Business Admanistration.
Oktlahoma State University, April 1983) and Robeet C
DaufienBach. Jack Fiorto, and Hugh Folk. A Study of
Proiecied Supply/Demand Imbalances for Scigntific and
Techuical Ker?ouue!. NSF Contract No. SRS-7680591

jonllwater, Okla. College of Business Admirustration,
Oklshoma State Univerity, 1980}

on-SIE
loyment

N
emp!

Remain
in $/& empioyment

" Reentrants
from non-SIE
employment

different
SIE
occupation




Table A-2. Occupational taxonomy used in the
DautfenBach/Fiorito/Folk supply model

W

17 Other ilaand physical sCientists . ..

18. ECONOMISS . ... v vvurvvvnnnvnnaas

19. Psychologisls .......... PP
20. Soctologists ... . .......iiiieeas
21. Sociatscientists.n.ec. ...........

043 (atmosphere/space)

054

02

093
094

096
092
045

nec.)

fn.e.c.)
(potitical)
{urbansvegional)

1970 Census Occupatlonat Emptoyment
- 3-diglt occupational Statlstics [OES) matrix
Occupation categories categonies
1 aAeronautical/astronauticat/ 006 10020200 (asronautical/
engineers ...........oviuu i, astronautical]
2. Chemicalengineers. . ............ 010 "1-10020400 (chemicat)
10020402 (ceramic)
3. Civilengipesrs ... ..... ........ on 10020600 (civii)
4. Elact_rucaueleclronicenglnears”H 012 10020800 |etectricalselactronic)
10022004 (nuctear) i
8 Industrralengineers.............. | 013 10021000 {industrial)
* 10021002 (satety)
6. Mechanicagengineers .«.......... 0t4 * 10021200 (mechanical}
100%2 {marine)
7. Metatiurgical/materials engineers | 015 100 0 [(metall
8. Mining/petroleumenginesrs...... 020 (mining} 10021600 {mining)
. 021 (petroteum) 10021800 (petroleum)
9 Otherangineers ................. 022 [sales) 1ooezoho {other)
023 (nec.) 10022003 ftraffic)
. 10022005 [(agricutture)
10022001 [angineer)
10022099 {other)
10 Compuler specialists . 003 (programmer] 10060201 (business pregrammer |
004 [systemsanalyst) 10080202 [scienlific programmer)
005 [n.e.c) 10060401 [business systems
analyst)
10060402 (sciontficsystems
analyst)
11. Mathematcatspeciabsts ... ..., .. 034 (actuary) 10060200 {actuary)
035 Imathematician) 10060400 (1&3) (mathematicat
sclence}
036 [statistician} 10060800
-
12. Agriculturalscientists ............ 042 10040200
13, Biotogical scienbists ... ......... .. | 044 10040600 (life)
10040601 (biotogtcal}
10040602 [medicat)
r 14, Chemists «..2..ueiria-e ST 045 10040600
15. Earthsclentists ............0.0u0. 051 [geologist) 10041000 [geologist)
' - - 052 (marine) 10041201 [ocean}
16. Physicists/astronomers .......... 053 - 10041400 {physicist) -

10041402 lastranomer)

10040400 |meteorologicat)
10041601 {&5) [natural/
mathematical)
10041602 [physical)
10041603 {ather physicai]

.| 10041604 (36 (Iif8)
10041600 (other life and physical]

10180201 (financiatanalyst)

10180200 (&2] jeconomist)

10180204 (mediaanaiyst)

10180205 {market research
- analyst}

10180600

10180800

10181200 (n.e.c.]
10180401 [politicatscience)
10181000 {urban/reglonat)
10181201 (soclatsclence}

Q
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new entrant
component

New entrants to the S/E labor market
are those individuals who terminate their
education and enter the work force for
the first time to pursue full-time. S/E
employment. For most of the fflevant
occupations, new entrants are the major
source of labor supply available to, meet
growth requirements and replacement
needs. Five model subcomponents depict.
the chain of behavior that culminates in
an increment to S/E supply from this
source: (1) degree attainment, (2) curricu-
[um choice. [3) participation of foreign _
natiohals in U.S. higher education, (4) labor
forceentry, and (5) occupational choice. »

P

(1) Degree attainment. Assuming
that decisions regarding college degrees
are independent of curriculum cheice,
the initial step 1n estimating the num-

, ber of new entrants involves project-
ing U.5. degree conferrals (baccalau-
reate through doctorate] over the
simulation period. The six sex/degree
projection equations are estimated
using 1951-80 data from the National
Center for Education Statistics (NCES)
and relate degree attainment rates
1o demographic trends and income
factors.

{2} Curriculum detetmination. The
next subcomponent projects the num-
ber of S/E awarded degrees at each
degree level. Availability of job oppor-
tunities in various 5/E occupations is
assumed to be an important deter-
minant of the ultimate choice in cur-
riculum, with relative changes in
occupational demand inducing students
to switch majors. Degree conferral data
were obtained from NCES fer the
1968-81 period. Three projection

- equations, by degree level, were esti-
mated, refating the proportion of
degrees conferred in each of 22 cur-
riculums to' movements in the share
of professional and technical jebs in

" the most closely aligned S/E occupa-
tion. The functional form chosen
allows for response differences by "
curticulum, since the scope of potential
job opportunities varies by major.

o
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A
(3) Foreign nationals in U.S. higher
education. [n recent years, there has
been rapid growth of foreign national
participation in technical cttrriculums.
particularly at the graduate level. This
subiomponent subtracts foreign na-
trionals from degree recipients by cur-
riculums under the assumption that
these students return to their home-
land._The-pfoportion of foreign na-
tional S/E degree recipients was based
on 1978-79 NCES data and detailed
enrollment data provided bv NSF.

(4) Labor force entry. A substantial
number of degree recipients pursue
nonmarket'activities, including grad-
uate school. This subcomponent filters
from available supply all graduates
who do ot enter the full-time labor
force. Labor force entry rates are pri-
marily determined by degree and field
of major and remain fairly stable gver
time. The model projects future labor
force participation based on the be-
havior of 1972-79 graduating classes
as derived from NSF Surveys of Recent
Science and Engineering Graduates
Degree conferrals at the bachelor's-
and master's-degree levels are adjusted
downward, across curriculums, to re-
flect varying labor market entry be-
havior all doctoral candidates are
assumed to enter the work force.

(5) Occupational choice. This sub-
component allocates labor force par-
ticipants from various majors to occu-
pations. For each major, the probability
of entering a given occupation is
modeled ag a function of: (a] labor
market conditions in the destination
occupation, [b) the similarity of college
coursework across various majors

and occupations. and (¢} qualitative -

attributes .which affect propensities
of graduates in broad fields of study
(engineering. computer sciences and
mathematics, life and physical sciences,
- and socsal scrences) to enter the occu-
pation nomnally associated with
their major. Projection equations for
bachelor s» and master's™ degree re-
cipients are based on 1976-79 NSF
Surveys of Recent Science and Engi-
neering Graduates. Doctorates are
assumned to enter that occupation most
closely associated with their field
of study.

experienced worker
component

Experienced workers play animportant

role in determining the ability of supply
tp adjust to short-ryn changes in demand.
Two model subcomponents describe the
major types of experienced worker be-
havior—occupational mobility and attrition.
To date. mobility patterns of experienced
workers have seldom been incorporated
into supply projections because of the
lack of theoretical research and the scarcity
of data.

(1) Occupational mobility. This
model subcomponent estimates ne
changes in S/E occupational supply
which result from movements of work-
ers into and out of S/E occupations

and between the S/E occupations”

themselves.” Mobility rates are esti-
mated across 25 professional and
technical, as well as managerial occu-
pations, 13 major S/E categories were
among these.® Mobility rates are
modeled as a functjon of: (a} the
proportion of indivifuals remaining
in an occupation frdmsthe previous
time period (a proxy Yor labor market
demand). (b} the proportion of em-
ployment represented by new entrants,
(¢) occupational characteristics (percent
of women and the average educational
leve] in a given occupation) believed
to determine the share of supply gen-
erated by reentrants to the work
force, and (d) qualitative variables
measuring behavioral differences
across occupations.

*

O

'An alternative gross.mobiity specification was also
estrhated which parallels the earlier modebng effort Under
this epecitit ativn, out-mubility rates were not respounsive to
labor market conilihons. but were inslead determined by
the age. educaton. and sex charactensbcs of various occu-
patons The net-mobibty specification was cansidered
preferable bes ause e rates from an owupation are believed o
be dependent on o upationat opporiunsiies throughout the
labat forte Both the gross- and nel-mobility specifications
are tepotted and analyzed in Robert € DaufienBach and
Jack Fiondo. Frofections of Supply of Serentists and Engi-
neers fo Meet Defense and Nondefense Reginrements,
1981-87. ibad.

*Small samples sizes in S/E occupabions precluded greater

- disaggregation in these frekls

Two versions of this subcomponent
were estimated. The gross mobility
version estimated rates of inmobility
to an occupation in the manner de-
scribed in the preceding paragraph,
In the net mobility version. net (inflow
minus outflow) mobility rates were
‘similiarly estimated. The difference
between the two model versions rests
in the handling of occupational out-.
mobility. The gross mobility version
assumes out-mobility rates from an
occupation are dependent solely on age.
education, and sex, the net/mobility
version assumes these fates are
sensitive to_relative demafd/supply
conditions. .

The mobility subcomponent uses
two databases: The Current Popuita-
tion Survey (CP3) conducted in Jan-
vary 1973, 1978, and 1981, and NSF
Surveys of Experienced Scientists

- and Engineers conducted during the
seventies.

(2) Attrition. The available supply
of S/E personnel is reduced by deaths
and retirements. Projected attrition
through deaths is based on constant,
sex-specific death rates which were
reported by the BLS for the general
population in 1970. Projected attrition
through retirements of 5/E personnel
15 modeled as a function of age and
educational level of that population

_over 50 years of age; 1972-78 data
from NSF Surveys of Experienced
Scientists and Engineers were used for
estimation ' o

immigration
component -

Immigrant scientists and engineers afe
an important source of $/E labor supply.
This component provides. projections of
the number of immigrants by S/E occu-
pation. The estimation equation is based
on 1962-79 data and relates the number
of S/E immigrants in a specific occu-
pation to variables reflecting: {1) job
opportunities in the ogcupation of em-
ployment, (2) changes jg immigration laws,
and (3) differences it occupation-specific
immigration behavior.
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Teble B-1. Summary table of U.S. economy: 1982-87—STAG/LOW

Macroaconomic Indlcators 1982 | 1983 | 1984 | 1985 | 1986 resr
N Gross fiational product [GNP) * R
- : [Inblllions] ]
GNP ...t $3,064.9 | $3,302.6 |$3596.8 |$39475 |$4,3034 )34.662.6
Real GNP, 1972 doltars . .. ... 1,485.5 1,499.2 1.517.8 1.546.3 1.5781 16111
Annualratsofchange ., ... <16 "9 1.2 19 24 2.1
! Defense expendilures
{In billlons]
PUTCNESES . vvvvvreansens $178.1 | $201.8 | $2267 | $2534 | $26803 | $3080
Real purchases, 1972 doliars. 78.2 81.7 84.1 86.7 893 91.9
Annualrateofchange ..... 5.8 4.5 3.0 3.0 30 - 3.0
Pnmecontracts ............ 127.8 139.% 4158.9 1751 1921 209.5
-~ Price deflator, annual rate A :
ofchange ..........vve-. 9.2 8.5 9.0 8.6 7.4 6.7
. Prices, wages, productivity—annual rates of change
|Percent]
GNP deflator w......... ..\ 6.5 6.8 7.6 7.7 68 6.1
Consumer pnceindex....... 8.2 7.2 7.8 7.8 1.1 6.3
Compensationper hour ..... 7.2 7.4 8.2 9.2 8.8 8.0
Output per hour 5, ........ -4 1.3 5 20 N T . .9
4 ’ Labor force '
- [In millions} .
Miltary personnel .......... ) 2.1 2.2 2.2 2.1 2.1 2.1
Civilianlaborforee....... .. 110.2 112.4 114.4 1159 117.5 119,
Employment ... 100.0 102.0 . 103.5 103.6 104.2 105.2
Unemploymentrate......... 9.2 93 9.6 106 1.3 11.7
i Industrial production
Industrial production index ) L
{1967=1.0} ...... e eeees 1.399 1.420 1.446 1.493 1.530 1.561
Annualrate ofchange..... -7.3 15 19 32, 2.4 2.1
ranufacluring industries:
Production, annual rale B '
ofchang® ............. -7.8 1.7 1.9 35 2.7 23
Capacity utilizationrate ... 7.3 72.0 720 71.2 725 734

NOTES, STAGHLOW Indwcates low-sconomic growth/low-defonse expenditure scenarle Projection scenanos were
dérived using the Defense Inlerindusiry Fore&astlng System developed by Data Resoulces. incorporated (DRI)

SOURCE: Mational Scienca Foundalion
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—> ° Table B-2..Summary table of U.S. economy: 1982-87—STAG/HIGH

Macroaconomic indicators 1982 | 1983 | 1984 | 10es | 108 [ 1ger 7
st ) Gross national product (GNFP) -
4 - - {in billions) _
GNP .ooeteiiiineeeenas $3.066.3 | $3.325.9 | $3.655.2 |$4.403.1 |$4,429.4 |54.8225
Real GNP. 1972doltars . ... .. 1.486.1 | 1.508.6 15305 | 1.575.1 1.614.3 | 1.6546
Annualirateof change ..... -1.6 1.5 2.0 23 2.5 25
et Defense expenditures ?
’ [in bilitons] :
PUMCRESES «ovv.veeeeernnn. o | os170.4i| sewe2 | s2s6. | $30a7 | $349.5 | $ases
-~ . Real purchases, 1972 dollars . 78.8 87.4 95.0 10386 1.0 116.1
Annusirateofchangs . ... . saf| 1o 86 8.1 7. 4.6 .
_Pamecontracts ...... e 128.2 145.9 17494 2036 233+ | 259.8
Price deflator, annual rate
. olchange ........ PR 9.2 8.5 9.1 | 8.7 7.5 6.7
Prices, wages. productivity-—annual rates of change
. [Percent] .
GNP deflator ......ccvnuen.. - 65| - 68 7.7 8.1 6.9 6.2 -}
Consumer priceindex....... B 7.3 7.8 8.4 6.9 6.3 *
Compensationparhour ..... 7.2 75 84 93 9.0 8.3.
Outputperhour ............ - ’ 1.4 6 1.6 1.3 9
J Labor force *
] . [inmllllons)
. "« Miltary personngl .......... 2.1 2.2 22 2.2 2.3 2.3
vilan labor force .......... 110.2 112.4 114.4 115. 117.5 1191
mployment ............... 100.0 102.2 104.0 104.4 105.3 106.5
Unamployrglanlrate ......... 9.2 9.1 - 91 9.8 10.4 10,6
, Industrial production ‘
Industrial production index \ ' - e
[1967=10) .............. 1.399 1.432 1.478 1.539 1579 1.620
Annugtrateofchange ..... -7.3 2.4 3.2 4.1 2.6 28 .
Manufacturing Jndustries: ' '
- Productten, annualrate
“ofchange «.......... . 7.8 2.8 34 43 3.0 2.8
. . . Capacity uitizationrate ... 7.3 72.7 73.7 733 74.8 76.2

NOTES: STAG/HIGH indicates low-economic growihzhigh-defense expenditure scenario, FProjection scanarlos were
v derived using Ihe Detense Inierindustry Forecasting System developed by Data Resqurces. Ingorporalad (DRI

-~ v .

SOURCE- Natlonal Science Foundation :
*
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Table 8-3, Summary table of U.5, economy: 1982-87—OPTIM/LOW

Macroeconomic Indicators

aga2 | 1983 | 198a | 1985 | 1ee | "oe7

GNP .o iaiaas
+ Real GNP, 1972 dollars .. ....
U Annuglrateofchange.....

PUrChasSes ........ocvvvrues

Real purchases, 1972 doliars .

Annualrateol change .....

Primecontracts ............
Price dallator, anpual rate

” ofchange ... "i\ .........

* .

GNP deflator .....0..vnves
Consumer price index . .... .
Compensationperhour .....
Cutputperhour ............

Militarypersonnel ..........
Civilian laborforce ..........
Employment ,..............
Unemploymentrate.........

Industrial productign Index
. (1987=10)..............
Annualrateof change......
Manufacturtng industries:
Praduction. annual ra1e
pfchange ....] L S
Capaclty utitization rate .. .

’ Qross national product (GNP)

[In blilions) .
$3,072.7 [$3,379.8 | $3,710.4 |$4.085.1 |$s.4s6.1 |$4.8650
1,490.5 1.562.9 1.610.9 1.881.8 1.724.8 1.769.3
-1.3 . 42 43 - 38 28 2.8
Defense expenditures
[InbilMons}
—d -
$170.5% $199.7 $220.2 | s2438 $269.0 | $2905.9
789 81.7 84.1 8a.7 89.3 91.9
6.7 34 3.0 3.0 3.0 30
- 1284 138.3 155.8 189.5 185.1 201.9
& E

9.1 7.4 7.1 7.5 7.1 8.8

" Prices. wages, produciivity—annuel rates of change .
. [Percent] W :

8.4 5.8 5.2 8.1 8.8 6.2

8.1 53° 5.0 84 8.9 8.5

7.0 8.0 8.4 8.1 8.3 8.1

-2 3.4 2.5 N\ 1.8 1.4

- Labor forca
(In miltions)

2.1 2.2 2.2 21 21 2.1
1_10.1 1124 114.7 116.4 118.1 119.7
100.1 103.2 108.6 108.1 100.8 111.1

9.2 82" 71 71 7.1 7.2

Industrial production
1.407 1.517 1.632 1.718 1.787 1.815
-6.8 7.9 . 7.8 5.2 3.0 2.7
7.2 as 8.1 55 3.2 3.0
7.5 782 79.4 79.0 79.2 7941

£l

NOTES. OPTIM/LOW indicates high-economic growth/low-defense expenditure scenario, Projecﬂon'mnarids were
derived using the Defensainterindustry Forecasting Systemn developed by Data Resources, Incorporsted (ORI,

SOUACE: Natlonal Sclence Foundation
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Table B-4. Summary table of U.S. economy: 1982.87—OPTIMHIGH -
' T . ) . |
.Macrosconomic Indicators 1962 | 1983 | 1ses | 1ses | 19§E| 190 |
G Gross natione! product (GNP) T ‘ '
{In billions) v . )
GNP .\ oeerannien s $3.071.6 | $3.40Z | $3.7683 | s4.167.6 | sa.635.3 [ $5.116.1 g s
RealGNP. 1972dollars .. .... 14899 1/ 15619 1.641.6 1,722.2 1,777.4 1,835.2 ,
Annuslrateol change . . ... A4 - 48 5.1 4.9 3.2 33, "’ n
- v = by .
N Datense expenditures * . . Vo
{In blilions] ' X .
. Purchases .............. N, $1793 | 2139 $2489 | S29m9 $335.3 | 33761 ; *
® Realpurchases, 1972 dollars . 788 874 ¢ 95.0 103.6. 110 136.1 n L.
. Annualrateofchange ..... . 8.8 1.0 8.6 9.1 71 ~46 hat® ‘-
Primecontracts ............ 1282 | 1449 171.2 196.8 224.4 2508 |
Price defiator. annual rate |
' ofchange ........ veeats 91 75 7.1 ‘7.5 7.3 72 - e
. Prices. wages, productivity—annual rafe of change . . . ,'
. . [Percent] - ’ N hd
- .
, GNPdeflator ............... 6.4 5.6 5.4 5.4 7.8 69 « -
Consumer priceindex....... 6.0 54 511, 38 104 7.2 L Y.
Compensationperhour ..... 7.0 6.1 6.6 §2 86 9.0 4
' - Outputperhour .. ....... . "2 35 b7l . 4 20, 18 ‘
- . - - Labor force . * ;
. [Inmillions] ® ! “
Military personnel™........... [ 24 2.2 22 | 22 2.3 2.3 - .
Civikanlabor force .. ........ 0.2 124 | T 1azr| 1164 118.2 119.8 Lt
Employment ............... 100.0 1034 102.0 | - 1091 111.0 127 . .
*  Unemploymentrate......... 9.2 8.1 8.7~ 6.3 6.1 59 .
. - ! -~
Industrial production , » o
Industrlal production index - ) Yo
(1967=1.0) ......... T 1.405 1.530 1,668 1.790 ¢,1.861 1.934 ! R .
Annualrateofghangs ..... | 8.9 8.9 .0 7.3 4.1} a7 - , .
j , i Manutacturing industries: - . - 1( > .
Production, annual rate o . & . 2
‘ ofchangs ............. ' 2.3 10.1 9.7 75 43 42 ¢ \
Capacity utilizationrate ... | 71.4 77.0 . 8z \82.2 83.3 83.8 -/ .
oy .
A4 . NOTES, OPT?M!HIGH Indicates high-sconomic growth/high.defense expanditure scenario. Projection scenarios were . \ |
. - e derlved using Ihe Defense Interindustry Forecssting System daveloped by Data Resources, Incorporated [Dal'|. i * e o
* SOURCE: Natlonal Science Foundation. - - ¢ T ' :
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) : Table B-s. Projected growth i defense and nondefense requirements of scientists,
. engipeers, and technldans._1982- 87—-STAG/LOW o
) . finthousands] A <
Total reqdirements Defensq cgquirements - {| Nondefense requiremenls
. Anmal ¢ Anniuat Annyal
¥ . growth growth . growth B
Occupation ' 1962 1987 rate 1982 1967 | .rate | .1982 1967 rate
Totalsclentisls ... .. N ~..| 7266 843.2 3.0%F 219 29.4| - 6.1%| 704.7| 6135 2.9%
T ’ . - o " .
Computer systemsanalysis....... t. ? . 219.1 287.3 5.6 10.0 15.3 8.9 209.1 271.9 5.4 %
Lifa: . ) .
‘Agricuhtural ...l Sy | 72| 173 A | 0| el 172 2 ‘
Biologlsts ....... P helees T -55.3 59.4 1.4 o7 & 2.7 54.7 587 1.4 :
Physical:
Chemists ......5........ gtk 807[ 0 977f 45 2.6 34| 40| she| sas 1.4
Geologlsts Trererrrreries e «\\’Q . 427 47971 2.3 1.1 13f ° 3.4 417 46.6 2.2 .
Physnclsts ...... . FUR F. 209 22.4 1.4 11 1.3 34 19.8 21.0 1.2
Lite/physical.ne.c. .. ...ooivnivevnninnns 276 295 1.3 7 8 5.1 26.8 286 1.3
Matbagaticat .............. cpeeeeepne| 5181 568 2.2 2.4 2.6 3.1 | 488 540 21
Soclial N....ovnnn teennnne PR ,‘;Z" 202.1 224.6 | 2.2 3.0 3.5 3.1 199.1 221.2 2.1,
ECondmists .. ........0000ns Veevan ﬁ . 30:3 346 2.8 8 1.0] ~ 486 29.5 337 2.7 .
Psychologists ...........cvvninnnnn P 904, 100.5 2.1 1.0 1.0 .0 £89.4, 99.4 2.1
» Socialoglsts ................oiilll 9.3 10.1 17 A A .0 8.2 10.0 1.7
Social.n.g.c. ...... e v, 721 79.4 1.9 1.1 1.4 49 7.0 781 - 1.8
Totalengineets .................... 1.138.8 | 1.286.4 2.6 136.6 187.0 6.1 [1.000.0] 1,109.3 2.1
Aeronautlcallastronamlcal .............. 64.2 85,5 59 335 50.4 8.5 30.7 35.1 2.7
ChemIGa! ...vivrivninrinrinrsnsnnsns 53.1 57.4 1.6 26 317 3.6 50.6 54,3 1.4 /
. e 164.4 174.7 1.3 3.4 4.0 3.3 160.0 170.7 1.3
Electricallelectromc B 1A 396.3 3.9 41.2 56.1 5.4 2659 3402 | - 35
. | dusjﬂal .......... - % .................. 109.2 120.3 2.0 97 [ 124 5.0 89.5 1079 1.6
. echanical ........... .. Sy T T 202.¢ 223.9 2.1 18. 24.6-|- 5.4 183.1 199.3 1.7
’ Melallurglcal ........ B e | 148 183 19 J.g‘ 197 63 | 133) 144 1.6
Mining/petroleum f.ag 27.6 .7 2.6 L] 1.1 4.1 26.7 30.6 2.6
Engineers,ne.c. ............ beeeioeen| 1774|1903 14 | 272°[® 334 _4@~| 1502| 1566 9
- Totaltechniclans ... .......... ... | 1,486.5 .mq?ﬂm‘ 24 | 836 | 1065] 5.0 [1,2820] 1,542.2 2.2
B = = -
Computarprogrammet’s ....... £ty > {- 2350 2903 4.3 8.6 128 B4~ | 2264 | 277.3 4.2
. DIEHEIS .ovvvnvnneniines e By 1'{:;’ 3120 | 3365 1.6 7.1 20,7 39 | 2049 3176 1.5
. Electricallelectronfc engineering T 3453 | 3999 3.0 28.6 37.8 5.7 | a.r| 3820 2.7
Industrlalengineering ............. EPI 30.5 33.4 16 2.3 2.8 4.0 28.2 306 ¥ 18
Machanical engineeringa................ 44.7 505 2.5 8.3 10.7 |- 6.2 34| 396 1.8
Stience/onginéering. n.e.c. { ........... 498.0 536.3. 1.5 17.7 21.6 4.1 480.4 514.7 1.4
NOTES. S$TAG/LOW indicates low-gconomic gromhfhigh -defense expanditure scenario, Because‘, of roundlrlg cpmponents may
. - notadd to totals. .
= o, SOURCE: Mational Sclence Fuundntion . -
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: Table B-6. Projected growth in defense and nondefense requirements of scientists,
. : engineers, and technicians: 1982-87-—STAG/HIGH

P, {
. [Inthousands} 7
: S - ~
Total requirements Defense requirements Nondelenss requiréments
. | Annuat "1 Annual Annual
. . growth growth . growtht
Occupation 1982 |, 1987 rate 1982 1987 rate 1982 1987 rate
. Toralsclentlsts ..............oiininins 7269 8621 35 | %22.0 33.2, 66| %7049 | 828.6 3.2%
Computer systemsanalysts.............. 219.3 | 2947 6.1 10.0 17.6 120 209.1 277.0 5.8
Life:' ; -
L T . 172f 7§ 3] a R of 70| 174 5
Biologists ..........oivviiiiiirnnens 55.3 60.4 16 7 -8 2.7 547 59.5 1.7
Physical: . . .
Chemists...........ccovivivnvennenns 90.7 94.6 1.9 2.9 3.7 5.0 €7.9 95.9 1.6
-_— b oGeologIstS . .. e ceees 427 46.2 24| 14 1.3 34 417 46.9 2.4
’ PRYSICISIS ..o ivrrveereneinrrrrnnnnrrns 20.9 23.4 2.3 1.1 1.6 7.9 19.6 21.8 1.9
Life/physical,nec. ..................... 27.6 30.4 2.0 R | 1.0 , 74 26,9 49.4 1.8
Mathematical ......oovvivvnrnnrnnnnns 510} 587 28 241 "33 66| 486] 554 28
Social ............... Verrirrrerrrnreres 2022 | 2292 2.5 3.0 38 48| 199.2| 2253 2.5
“Economists ... ..............e..ll. 303 353 3.1 8 1.2 84{ 295] 341 2.9
PoycHblogiggs ..o it 804 1017 24 1.0 1.0 0 89.41 100.6 2.4
SOCIOIOGISIS ..o i 9.3 103 24 A A 0 9.2 10.2 2.1
Socialnec. ......vvoviiiirir ey alae 72,2 819 2.6 1.1 1.5 6.4 711 80.4 25
“Totalenginesrs ................. s ”49.3 1.3732 38 | 1392~ 2238 89| 1.001.0 | 1.149.7 2.8
Aeronautlcal/astronautical _............. 64.5 107.2 10.7 33.7 64.8 140 30.8 42.4 6.6
Chemical .oovvrvrrrirrvrinrirsrnrsnness 53.1 58.7 2.0 2.6 3.4 55 50.6 55.4 1.8
1 1 163.5 1781 1.8 34 4.3 4.6 160.1 174.9 1.8
TicAL/OleCIronic .. .oovvevrvrvrnrens 327.6 415.2 4.8 41.3 83.7 9.0 286.2 351.4 4,2
. Industrial ........covvivvrrrrrn .. e . 109.3 125.0 27 9.7 14.5 84 99.6 _110. 5 2.1
« Mechanical ................. e reenen 2022 | 2334 2.9 18.9 28.8 88| 183.2; 204.6, 2.2
Metallurgicat........ et irrrrrrrerrrrrans 14.8 17.1 2.9 14 22 9.5 13.4 14.9 2.1
Mining/pefroleym ............ovuess veee |, T76 316" 2.9 9 1.1 4.0 26.7 30.7 2.8
Engineers,nB.C. .......vevvenrnnnan. Lrbo1T7 | 2057 3.0 27.3 408 | 64| 1504 1849 1.6
Total t;chnlclans ................... 1,466.4 | 1,694.2 29 83.9 120.4 7.5 13825 | 1.573.9 2.6
Compuler programmers .........ceveues 2351 294.4 46 9.6 14.2 6.1 2255 280.2 4.4
Orafters ......ovvvvvverrriaamrrraanans 312.2| 3475 22 17.2 22.6 56| 2850 3248 1.9
Elecirical/electronic angineering ......... ~3455 | 4102 3.5 28,7 427 83] 3168} 2876 3.0
Indusiriatengineering........ FETTTTTII 30.5 346 2.6 23 32 6.8 282 31.4 22
Mechanicalenginesring...... .......... 48| 5486 4.0 6.4 13.0 9.1 36.4 41.6 g.§:
Science/engineering.n.e.c. ............. 496.3 5529 21 |, 177 24.7 89| 4806 52831 - 1.

NOTES. STAG/HIGH indicates low-economic growih/high-defense axpenditura scenarto. Because of rounding, cbmponents may
not add to lotals. T

SOURCE: Nattonal Sclence Foundalion
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Table B-7. Projected growth In defense and‘nondefense requirements 'of scie"nllsts,l
;engineers, and techinicians: 1982-37—0PTIM/LOW

4

linthousands} o
Total requirernents Defense requirements Nondefense requirements
. Annual Annual Annual
- growth growth growth
Qccupation 1982 1987 rate 1962 1967 rate 1982 1987 rate

© Totalsclentlsts ...c..ooviiiiiinninns 727.3] 8856 35%) 220 303 |- 6.8% 7055] 8355 3.49'6
Computersystemsanalysts.............. 2193 2947 8.1 10.0 15.6 93 | 2083| 2790 5.9

Lie: . . .
Agricultural ... ... i 17.2 181 1.0 .1 2 148 171 180 1.0
Biolggists .......... tarerararresais 55.3 61.4 2.1 7 8 2.7 546 80.7 2.1

Physicek ,

Chemists ........... [ 90.9 100.3 20 29 3.5 3.8 88.1 96.6 19
Geologlsts.......... eareraraarieaeas 42.8 47.3 20 1.1 1.2 18 41.7 46.1 2.0
Physlcists .. ... ciiiiiiniiiina i anas 209 231 20 11 1.4 49 198 21.8 18
Life/physical ne.c. ... ....ovivnvannns F ‘27.6 30.3 18 7 9 5.1 26.9 29.4 1.8
"Mathemalical ... .......viiniinirenanaan 51.0 58.1 . 2.8 2.4 3.0 4.6 48.6 55.1 2.5
70T R 2023| 2323 28 4.0 a7 43 | 1903 | 226886 2.8
ECONOMISIS - - e vvenetraninananannas 30.3 355 3.2 B 11 6.6 295 34.4 3.1
PSychologists . ...ovvvnvniaintannannss 90.5) 105.0 3.0 *1.0 1.1 1.9 885 103.9 3.0
Sociologists ..... Tetreereenea Tt 9.3 105 24 | .1 0 9.2 10.4 2.5
LTl T I I N 72.2 81.3 24 141 1.4 4.9 71.1 79.8 24
Totalengineers .................... 1,142.0| 1,337.0 3.2 | 1302 | 1905 ] 85 [1.0025 | 1.148.6 2.7
Aeronauticat7astronautical ............. . 645 "88.0 6.4 aze 51.3 88 0.8 36.7 36
Chemical ..........ciiivnvannnnnnis - 63.2 59.2 22 26 3.2 4.2 50.7 56.0 2.0
0 1T " 163.7 | 183.8 2.3 34 4.2 43 | 1603 | 1796 23
Electricalrelectronic ..............0 c---| B27.87 3998 1 - 40 41.3 | - 56.1 63 | 2865 3435 3.7
Industrial ... 10851 1248 26 9.7 12.8 57 |.9%8.] 1118 2.3
Mechenical .....innitiiiiniiiarananaas 202.7 | 235.7 31 16.9 25.6. 6.2 183.7] 210.2 2.7
Metalurgical ............ Hansvasnsannces 14.9 17.4 3.2 1.5 20- 5.9 13.4 15.4 2.8
Mining/petroleum ... 7 32 24 8 1.1 4.1 26.7 301 24
Engin®ors.ne.C. ... .iivivannanaiannns 178,01 197.5 21 27.3 4.2 46 | 1507 { 163.3 1.6
TOtaOChNICIANS v o vveernencnnnnners 1,488.3 | 1,702.0 3.0 83.9 | 1085 5.5 {1,284.4 | 1,593.7 2.8
Computer program;;:ers ................ 2352 2948 4.6 8.8 13.2 668 | 2256 ) 2817 ' 4.5
Drefters ............ rateraaraeagranas 3129 | 3558 2.6 17.2 216 4.7 { 20571 23342 2.5
Electricalrelectronicengineering . . ' ..... #3456 1 408.1 34, 20.7 38.1 58 [ 3169 | 370.0 3.t
Indusirialengineering ................... 306 4.8 a7 23 3.0 54 283 32.0 25
Maechanlcalengineoring .............. .. 449 52.8 3.2 84 1.2 59 365 414 § ", 28
Science/engineering.ne.c. .......:..... | 499.1| 5568 22 17.7 22,4 48 | 4814 | - 5344 2.1

NOTES. OPTIM/LOW Indicates high-economic growih/low-defenss expenditure scenarlo. Because of rounding. components may

not add ¢ totals.

"SOURCE: National Sciance Foundatton
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Table B-8. Projected growth in defense and nondeienae requirements of scientists. .

engineers, and technicians: 1982- BT—OPTIWHIGH

[in thousands}
1 Total req{llrememg Defonse requiramenis INondei'ense req&lremﬁ:ﬂs
- Annugl ) Annual
- . | growth \ growth
Occupation 1982 1987 1982 1987 rate 1982 1987 rale |
Totalsclentists . ....o.vuvniiiiniiianas 727.4| 8880 22.0 34.2 929 70551( 8542 3.9%
Computersystemsanalysis.............. 2193 3033 10.0 17.9 123 | 2002 2655 8.4
Life: .
Agricutturab. ... ..o, 17.2 184 A .2 14.9 13 18.2 1.2 .
Biologists ......c.uvuiiiiiieniss e 55.4 825 .7 8 2.7 §4.7 81.7 24
Physical:* ) S . :
Chemlsts ........oooiiiiiiaaa. €W0e| 1028 2.9 3.8 55 88.0 99.0 2.4
Geologists .. ....ooiiiiiii i, 428 47.9 1.1 1.3 34 417 486 |- 2.2
Physicists .. ..........cccvivuuan Laas 209 24.2 1.1 1.8 7.9 198 228 2.8
Lile/physical.na.C. ...........ovvuunuas 278 31.3 .7 1.1 95 289 30.3 2.4
Mathematical ... ....................... 51.0 60.8 2.4 3.5 78 48.7 57.2 3.3
Social ... ... i 2023 | 2370 3.0 4.0 58 199.3 | 2331 3.2
ECONOMISIS . ....evvreneeanannnnnn, 03| 362 8 3] w02 | 205] 350 35
Psychologists .. ..................o. . B0.5 106.2 1.0 1.1 1.9 89.5 105.1 33
Sociofogists ....................... . 9.3 10.7 A .1 0 9.2 10.6 29°
SOCIALAA.C. o i iiiiaaaaaaas 72.2 839 1.1 1.5 84 711 82.4 3.0
Tolalengineers ............ P 1.142.1 | 142301 139.5 | 226.4 102 [1.0022 | 1.196.8 3.8
Aaronaulical/asteonautical .............. 64.5 1002 337 8.2 141 |- 30.9. 44.0 7.3
Chamical ..........coiiiiiiiiiiiaann 53.2. 80.9 2.8 3.5 g1 50.7 57.5 2.5
GVl o e i i e aaaaas 163.7 | 1889 3.4 4.4 5.3 180.3{ 1845 2.8
Etectrical/alecironic ....... Feniaaiiinas 3279 | 4208 414 63.8 90 | 28685 ( 2357.0 4.5
Industeial ............ i 109.5 130.8 9.7 14.9 9.0 99.8 115.9 3.0
Mechanical ................. Nevieaaaa ..| 2027 | =248.2 19.0 2909 9.5 183.7 | 218.3 3.5
Mataluegical . ........vieiniianas PPV 14.9 18.5 1.5 2.4 99 13.4 16.2 39
Mining/patrofaum .. .cooviaiiiiiiia, 27.7 31.8 9 1.1 4.1 268.7 30.4 2.8
Engin@ars.mo.C. ........cuvuvuvnnnnnnns 1780 2144 27.3 414 87 | 1507 173.0 28
Totaltechnicians ..................... 1.468.3 | 1,760.4 239 123.5 80 13844 | 1.6359 .34
Compuler programmers .. ........e.ee.. 235.2| 3005 9.8 14.4 84 | 2258 | 2880 4.8
Deafledes oot iii i 3129} 3685 1.2 2.7 88 | 2958 | 3448 3
Blectrical/eloctronic engingering ......... 3458 | 4210 28.7 42.9 84 | 317.01 3781 3.8
Industefal ......coviiiiiiiiiiiiiiiaaaas 30.6 368 23 34 8.1 28.3 a2 3.2
Mechanicalangmeering ................. 449 57.3 8.4 13.8 10.1 385 43.7 3.7
499.1 578.5 17.7 25.5 7.8 4814 551.1 2.7

Science/ongineering, noc. .............

NOTES OPTIM/HIGH indicates hlgh-oconornic growth/high-detense expenditure scanario. Because of rounding. compOnents may

not add to fotaks.
SOURCE Natlona) Science Foundation
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entrants and immigrants supply model: 1981 and 1987—STAG/LOW

Table B-9. Supply/demand balance of scientlsts and engineers based on new

[Inthousands] .
1881 1987
Supply componeants . Supply components
Occupation Total | Mew | Atid- | Immi- De Ball Bat-| Total New ! Attr-{ 1mmi- Ded Bal ° Bai- -
supply en-,| flion| gra-| mand anoa(ﬂnce as | supply en- tion| gra-] mand| ance@nce as
trants tion surPlus|parcent trants : . tion ﬁsurplu percent
' (+)/ of (+)/ of
° short-| supply r ' short-| supply
age{:] .- | aged-)
Total
scientists .. | 573.0 ] 85.0 9.8 23] 5083 64.7] 11.311.0400 | .5} 304 3.0] 5559 484.1} 465
Agricultural ....| 25.0 5.3 A 2] 176 741 296| 528 4.8 1.0 2| 4731 355 67.2
‘Biologists . ..... 711 19.0 1.0 2] 554 157 221 1760} 196 3.2 3] 584 1166 663
Chemists ...... 986 6.0 1.9 Bl 937 4.9| 5.0] 1268 6.4 bs 1.0] 97.7] 31.2| 24.2
Geologists ... .. 432 441 6 1| 406 26 6.0] 86,1 4.8 1.2 2| 478 182 275
Mathematicat ..| 56.9 5.8 1.0' Al 518 5.1 8.0] 849 5.8 1.6 2] 569| 280 33.0
Physicists .. ... 231 | 28 A 2| 2ia 20 86| 387} 30 7 2| 224] 163 421
Other lile and - I
physical ..... 286 18 5 A1 28.2 4 14| 373 20{ . .7 A 295 7.81 209
Social......... 226.5’ 401 38 B 1988] 266f 11.7] 4553 451)] 19.2 Bt 224.8] 2305 506
Economists .. | 48.6 7.1 8 3| 3021 184 391 933 8.1 1.7 3 s4.8] ses5| 627
Psychologists | 93.5| 125 1.6 2] 68.3 5.2 56| 1628 145 3.0 3] 1005 624] 363
Sociotoglsts .| 119 56 N | 0 9.2 27| 227] 509 7.2 g1, 0| 101} 408} 80.2
Social.n.ec. . 71.5 14.9 1.2 .1 72.2 -7 -1] 148.2 15.3 2.7 2 79.4 GB‘Bl 46.4
Total .
angineers . 1,223.7 | 635 | 235 6.2[1.1556] 681 5614048 | 64.8F 291 6.8{1.296.4] 199.4| 133
Aeronaulical/
astronautical €8.6 g 14 A 63.2 5.4 7.8 72.8 2.1 14 2 855| -127] -174
Chemical ...... 605 .6 1.1 S0 551 \g 88| 87.7 5.3 1.7 S| 5741 30.3] 346
Civil .. ......... 173.0 |.710.2 3.3 Jf 1655 7. »fT'ak 218.2 | 10.0 4.2 -8 17471 41.5] 19.2
Electrical/ > L
elecironic ...] 3346 | 13.6 6.5 9l 324.4F 10.2| . 3.0} 367.2 13- 7.6 1.2] 3963 9.1 2.4
Industrial ...... 117.8 4.0 23], .2| 1133f 45 3.8% 1293 4.0 26 31,1203 80 7.0
Mechanical ....| 2209 { 114 42 8] 2085 124 56P 2673 114 5.2 1.0 223.9| 434| 18.2
Metallurgical.... | 166 1.4 3 Al 1586 1.0 60| 2341 1.3 4 A 163 68| 294
Mining/ .
pelroleum ... | 256 2.0 5 g}, 261 -5 -20| 358 229 7 g 37 42 1.7
Engineers, :
noact. .......| 206.1 134 3¢ 271 1839 222 108 2753 | 13.2 53 26 1903} 850f 310
Computer
specialists' .. ] 435.9 9.9 B Bl 4429 -8O0j -1.6] 4623 | 13.6 9.1 1.2 | 577.6| -115.3} -25.0

Yinctudes both ComPuter systems analysts and camPuter Programmers.

NOTES. STAG/ALOW indicates low-sconomic growthlow-datensa oxPendilure scenario. Because of rounding: components may not cor-
respond 1o totals.

SOURCE: National Sclente Foundation
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. Table B-10. Supply/demand balance of scientists and engineers based on new
entrants and immigrants supply model: 1981 and 1987—STAG/HIGH

[in thousands)
o198 - 1967
Supply components | 7 ’ Supply components
Qccupation Total | New | Attrl-] Immi- De-f Bal-f Bal-| Total} New | Aftri- { lmmi- De-] Baly| Bal-- -
 supply oen- | tlon| gra-{ man ance@dnce as| supply en- | tion ¥ gra-] mand ané:‘aulce as - -
franis tion surplusjpercent| . {rants “lon surplusipercent -
(+W of| S B A ) of
short-| supply ) _| shori|supply ~
age{-) . } [ age (-) .

Total ' B L R
scientists . .| 573.0 | 85.0 2.8 23| 508.3] 64.7) MN.3N1.0425] 827 19.2 3.0) 567.4| 47511 46.0 . -

Agricultural .. ..| 250 53 4 21 17.6 74| 296 529 49 10 2{ 1751 354 689 . -
Blologists. . .. .. 1.1 190 1.0 .2 554] 157 221 176.3] 19.8 32 3] "60.4] 159 -657 -
Chemists ...... 96.6 6.0 1.9 B8] 937 4.9 50| 1281 64 25 1.0{ , 9o8| 205 228
- Gaologists ..... 43.2 4.1 8 A{ 406 2.6 60| 66.2 49 | 1.2 2]. 4821 .18.9] 272
Mathematical -.| 569 58 1.0 Al 51.6 5.1 90| 651 591 16 2] s8.7| 264 310
Physicists ... 231 2.8 4 21 211 2.0 86| 36.8 34 ) .2 234 154|- 39.7
Other lile and .. . . - .
physical ..... 28.6 1.9 .5 |- 268.2 4 1.4 373 2.0 1 30:4
Sccial ......... 226.5 | 40.1 3.8 61 1999 268] 11.7| 456.8| 457 --8] 2292
Economists .. | 49.6 7.1 ] B3| 30.2] 194 391)° 935 8.2 -3 353
Psychologists | 935F 125} 1.6 2 08683 5.2 56| 1632 146 A1~ 101.7
Sociologists .| 11.9 5.6 A 0 9.2 27} 227 510 7.3 0] 103
Social.n.e.c. . 51 149 1.2 A 72,2 -7 -1[ 149.1 15.6 21 e

Total ¢
engingers . 1.223.7_ 63.5 235 6.211,155.6| 681 56,5020 | 674 ] 291 6.9[1,373.2

Aeronautlcal/ .
107.2] -33.3| 481

. astronautical | 68.6 1.9 1.4 A} 832 54 78| 739 2.4 1.4 .2 R .
- Chemical ...... 60.5 5.6 11 S| 551 54 69| o678 54 1.7 SE 88.7] 291 331

Civil..vvnnnn ., 173.0| 102 33 7| 165.5 7.5 43| 2185( 101 4.2 8f 179.1} 37.4[ 173
Electrical/ B

electronic ... | 3346 | 13.6 6.5 9| 3244 10.2 30| 389.2 |, 159 7.6 A3f 4152| -260f: 6.7
Industrial .. ..., 117.8 4.0 23 2] 113.3] 45 3.8] 1296 4.1 26 3] 125.0 48] ' 35
Mechanlcal ....| 2208{ 11.4 4.2 8| 2085 124 56| 2684 118 5.2 1.0] 2334] 350] 13.0
Metallurgical ...| 166 1.4 3 4| 158 1o 60| 281 4] 4 Ap 7] 80 260
Mining/ R . i

pelroleum ...| 256 2.0 5 8] 264 -5 201 359 2.3 7 A 318 41| 114 - -
Engineers,

Nes. «vrneno| 2061 134 3.9 27) 18391 222 108) 2776 | 14.0 5.3 26| 2057 71.8] 259
Computer ’

specialisis' . | 434.9 9.9 8.6 B 4429 -8.0f -1.6]-463.7 | 14.0 9.2 1.3| 588.9] -125.2] -27.0

'inctudes both comPuler gystams analysts and comPuter programmers.

NOTES STAG/HIGH indicates low-econornic growth/high-defanse exponditure scenario. Because of rounding, componenis may not
correspond 1o totals.

SOURCE- National SClence Foundation
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Table B-11, Supply/demand balance of sclantists and engineers based on new
entrants and immigrents supply model: 1981 and 1987—OPTIM/LOW

Q

E

Aruitoxt provided by Eic:

-

[inthousands]

g

Yinciudes bolthcompPuter s¥Stems analy.su andcomputer Programrners._

-

' 1981 ! 1967
Supply components Supply components
Occupalion Total | HNew | Aftrl- | Immi- D} Bal- Bal-| Total | New | Aftrl-| Immi- De-| Bal<{. Bal-
supply | en- [ tion| gra-] mapd| ancelance as|supply en- | tion| gra-| mand| ancepnce as
trants tlon urplusipercent trants tion surplusjpercent
(+4} - of 1+ of
shorts| supPly short-] supply
uge(-) age (]
. Total B
scientists .. | 5750 | 660 | 10.3| . 2.2| 500.5] e55] 11.4h.0409| 938 202 29| 571.9| 469.0| 45.17
Agricultural ....| 25.0 53 -3 2| 160 7.0] 2&0| 530 5.0 1.0 2| 161 34.9] 858
Biologists . ..... 714 19.0 11 2 55.4 15.7 22.1| 1760 20.0 3.2 3 71.4] 1148} 651
Chemists ...... 99.0 8.0 2.0 8} 940| 50 5.%| 1280 6.5 2.5 1.0| 100.3] 268.7| 222
Goologists .....| 433 41| <7 8 ] 410 2.3 53| 660 5.0 1.2 2] 473 187] 283
‘Mathemalical .. |- 57.0 1.0 1.0] .11 520 50| -&6| 650 6.0 2.0 2| 58.1] 289] 318
Physicists ... .. 231 30 A 2] 2.1 2ol &7 300| 34 T 2| 231] 158 40.8
Other life and . '
physical ..... 26.0 2.0 .5 0| 262 .8 28] 373 20 i 0] 303 7.0 168
Soclal ......... 2275 406 1° 4.2 81 199.9 27.6| 12.1| 455.8 482 (¥ 89 B8] 233.3] 2223 46.6
Economists..| 500 71| o] 3} 302 19.6’ 396/ 931| e2| 20| 3| seo]l sni| e
Psychologists | 935 | 125 20 2| 883 52 56| 1633 15.0 3.0f 30 1050f 583| 357
Sociologista .| 120 8.0 A .0 9.2 261 233} 510 7.5 9 01 110] 40.0] 764
Social.nec. .| 720]| 15.0 1.2 A 722 2 3| 148.27 155 300 © .2} 6t3] 669 451
Total P
engineers . {1.2256 { 64.4 | 24.2 8.2[1.162.0] e62.8 51149768 67.0 | 27.9 7.3]1.336.2| 158.6| 107
Agronaulical/ ' . .
" astronautical 69.0 2,0 14 O0f 832 568 8.4 730 2.1 14 2 88.0] -15.0f -205
Chemical ...... §0.5 6.0 1.1 S 551 541 - 8.9 880 5.4 1.7 5] 59.2| 26.8] 327
Civil.....vuene 1730 | 102 | 33 T} 168.0( 7.0{ 4.0] 217.0| 104 | 4.2 6].1640[ 330 1527
Eleclrical/ ’ )
electronic ... | 3350 | 14.0.} 7.0 9| 3244 108| 32| 367.0| 154 6.0 1.2] 4000/ -11.0] -34
Industrial ...... 1160| 40 23 2] 1133] ar] . uo| 1204] 41| 30 3] 1250] , 4.4} 34
Mechanical ....| 221.0 | 11.4 4.3 5y 2085 125) 57 2883} 120 5.2 1.1] 2360| 32.3] 120
Metallurgicat .. . 17.0 1.4 3 0 160 10} 59| 23.t 1.4 A .1 17.4 57 24.7
Mining/
petroleum ... | 26.0 2.0 5 0] 280 A 4] 360 22) 7 A 32 46 133
Englneers, .
nesc, .......| 2061} 13.4 4.0 3.0| 1640 22| 10.7| 2760 ) 140 6.3 3.0( 1974 786| 265
Computer
$pacialists’ +: | 435.0 9.9 a7 8] 4430 -80] .20] 463.1| 140 8.1 13| 590.0] -126.9] .27.4

RIC

HOTES OPTIM/LOW indicates high-economic growth/iow-defense expendilure scenanio. Bacause of rounding. Components may
not corfespond to lota!s:

SOURCE: Halional Sclence Feundalion
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Table B-12. Supply/demand balance of sciantists and engineers based on new

entrants and immigrants supply model: 1981 and 1987—OPTIM/

{inthousanda]

EH

HIGH

198 . 1987
Supply componenls Supply componenis
Occupation Total | New | Aftri- | Imml.] De.| 8al{ Bael-| Toial| New | Attr-| Immi-] De-[ B8al{ Bal
supply en- | tlon| gra-| mand| ancejance as| supply en- | ftion| gra-| mand| ancefnce as
irants fon surplus|percent trants tion {surplus|percent
(+} of (+)/ of
short.| supply] short-] supply
agal-)| - age (-
Total - N .
scientlsts..| 573.0| 65.0 9,7 2.3] 508.3| 6471 11.2]1,047.5] 948 | 18.2 3.0|] 584.7| 462.8] 44.2
‘Agriculivral ....| 25.0 53 4| . 2| 178 74l 208 s32 50| (1.0 2], 184 348 654
Blologists...... 71| 190 1.0 2| 554| 157 224 1774] 20.2 3.2 ~51 62.5] 1149 648
Chemists ,..... 98.6 6.0 1.9 Bf 937 4.9 5.0 129.6 6.6 2.5 1.0 028 268 207
Geologists . ... 42.2 4.1 A1 A 408 26| 6.0 66t 4.6 1.2 2| 479 182 276
Mathemalical ..| 56.9 5.8 1.0 Al 518 5.1 9.0] 852 6.0 1.6 .2{ 606] 248 289
Physicists ..... 231 28 4 <2 211 2.0 8.8| 39.0 3.2 -7 .21 242f 14.8] 379
Other lite and ) )
physical .....} 28.8 1.9 5 1] es2 4 1.4] 374 2.1 " 8 Al a3 61 163
‘SOcial ......... 226.5 | 40.1 3.7 B 1999 266] 11.7} 459.6| 46.9 6.3 8| 237.0{ 2226 484
Economists..| 49.6 74 9 3| 302] 19.4] 39.1] 938 8.4 1.7] - .3] 362] 576! 614
Psychologists 93.5 | 125 1.6 .2| 863 5.2 5.6 184.5| 151 3.0 81 162| 58.3] 354
Sociologists .| 119 | _5.6 A .0 9.2 2.7] 27| 5.3 7.8 9 O 17| 408] 7949
Social.nec.] 71.5] 149 11 Al 722 -7 -1.0] 1500 158 27 2| 839 6611 441
Total
engineers . [1,223.7 [ 635 ] 23.5 7.0|1,1556] 6&8.1 5.6[1.507.5| 69.2 | 29.% 7.0[1.423.1] 844 5.6
Aeronautical/
astronautical 66.6 1.9 1.4 Al 632 5.4 7.9 739 2.4 1.4 2] 109.2] -35.3| -47.8
Chemscal ...... 60.5 5.6 1.1 5l 551 54 8.9 882 56 1.7 S5 609 27.3] 310
Civit........... 173.0 | 102 33 7] 1855 7.5 43| 217.7] 10.6 4.2 Bl 188.9] 288| 132
Electrical/ -
electronlc ...| 334.6 | 136 6.5 3244| 10.2 3.0] 389.7] 161 1.6 1.3| 420.6| -30.9} -7.9
Industrial . . ..., 117.8 4.0 23 113.3 4.5 3.8] 1300 4.2 2.6 3] 1308 -8 -8
Mechanical ....| 2209 | 114 | 4.2 9| 2085| 124 5.6 2701 123 5.2 1.1] 248.2] 219 8.1
Metajlurpical ...| 16.6 14 N 1| 158 1.0 6.0} 232 14 4 A 188 471 202
Mining/ . .
petroteum ...] 26.6 2.0 5 9] 261 -5 2.0 35¢ 2.2° i A1 36 431 12.0
Engineers, . s
nec. .......| 206.1 | 134 3.9 27| 1839 222] 10.8] 2788 144 5.3 2.8 2144 644 231
Computer ’ )
$pecialists' ..| 434.9 99| 86 Bl 4429| -8.0] -1.8] 4656 143 9.2 1.4| 603.8]-138.2| -30.0

*Includes bothcomputer systemsanalysts and computér programmaers.

NOTES: OPTIM/HIGH indicates high-economic grommhlgh-defeﬁse expandiiuré scenario. Because of rouridlng.
componenis may not correspond 10 totals.

SOURCE: Natlonal Sclence Foundation
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Table_B-13. Projected supply of scientists and engineers based on -
\. net-mobility supply model: 1983 and 1987—STAG/LOW \
" [Inthousands) - ' ¥f i
Py 1983 - 1987 .
Supply components Supply components '
Tolal Tolal
QOccupation Supply New Net- Altrl- | Immi- | supply New | . Net- In- Alrl- | Imm-
enlirants | mobility tion | gration sntrants | mobllity | mobility lion | gration
.. Totalscientists .....| 5606 87.0 45 25| 8121 91.2 25 2.8
Agricultural .......... 20.6 5.3 &5 T 2 21.2 4.9 5.1 0 A .2
- Biologists . . . peeraeses 67.1 19.2 -15.2 4 *.2 731 19.6 -18.3 0 2 27
Chemists ........ vees I 943 8.1 -5.6 7 9 99.8 6.4 5.3 3 5 1.0
Geologlsis ......... ok 452 44 -3.2 . 3 2 51.6 4.8 =3.1 A 2 2
Malhematical ........ 54.7 58 -4.4 .2\ A 59.6 5.8 4.4 A 2 .2
" Physicisls ...l 23.2 2.9 -2.1 2 2 249 30 2.6 0 K b RN
Other lite and physical . 29.7 1.9 -1.2 2 A 31.5 2.0 -1.4 2 2 A
JSocial ...l 225.8 a4 —— - K- 250.4 44.7 1. - - 1.0 7
Economists....... P 346 7.5 5.7 .3 2 394 8.2 -7.2 0 A 3
Psychologists ... .. 976 128 -8.5 1.1 21 1082 142 -107 0 5 2
Socwologisls ....... 125 6.1 -4.9 N .0 14.5 7.2 -6.9 0 0 .0
Social.nBe. ....... a1.1 149 -10.7 B 1 88.3 15.1 -12.7 0 3 2
Tolalengineers .. 1.194.0 63.9 - 188 6.1 | 1,319.1 64.8 - e 12.8 6.77
Aeronautical/
astropautical ...... 87.0 1.9 1.8 1.1 N 836 2.0 33 92 9 A
Chemical .. ....... . 57.2 5.5 -4.2 8 5 60.8 5.4 -4.4 .0 5 5
* Civilh... %0 i, 168.9 10.2 -5.8 2.7 .7 177.0 101 6.1 - 8 1.7 K]
Eledtrical/slectronic . . 343.0 13.9 1.9 5.5 9 397.9 15.1 36 15.6 4.1 1.2
Industrial ............ 1121 4.0 -1.9 1.8 2 120.2 4.0 -8 9.7 13 3
Mechanical ....... ", 2132 11.4 -5.6 34 9 230.5 11.4 5.1 3.6 22 1.0
Metajlurgucal . ........ 15.9, 1.4 -1.0 2 A 17.1 13 -1.0 A 1 A
Mining/pefroleum . . .. 282 21 -1.3 4 N | 326 22 -9 1.1 3 A
Engineers.n.g.c. ..... 188.5 135 -10.7 29 26 199.4 13.3 -109 5.3 1.7 26
Computer specialists' . 473.7 10. 7 106 2.4 9 568.4 13.2 14.5 59.0 2.3 1.2

"inciudes both computer Systems anatysts and computer programmers. Because of rounding. components may nol cofrespond tofotats
NOTES STAG/LOW indicates 1ow-aconomic growth/low-defense expendilure scenarlo.

( SOURCE: Nahonal Science Foufidation
s
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. . Table B-14, Projected supply of scl;ntists and engineers based on
not-mobllity supply modol- 1983 and 1987—DPTIM!HIGH

- - . .-
¢ : - llnthousands] 3 . .
L3 .ﬁ .
1983 i , - 087,
Supply onrnpol’lients » . Supply components
Total . : Totel _
Occupation supply| - New Net- Attrl- | Immi- | supply New Nat- n- Attri- | Immi-
antrants | moblity tlon | gration- entrants | mobllity | mobllity tion | gration
Tolalgcientists . .... . 557.5 870 e 4.5 25| 6076 92.2 ——— e 30 3.0
Agrcultural ..........[ 207] s3] -4 Al 2| aa|  se| s 0 R 2
Biologists............ 66.8 19.2| _-156 4 2 7e. 19.7 -18.5 R 2 3
Chemists . ....... SR 94.4 61| ° 7.2 T 9 97N 64 -5.2 3 5 1.0
Goologlals . ......... s x| 453 4.4 -1.9 3 2 50.1 49 3.8 A 2 2
‘' Mathematical ........ 54.3 5.8 -52|, .3 .2 59.5 59 -4.3 A 2 2
Physiclsts ........... 23.1 29 -2.4 .2 2 25.2 31 -26 0 A C 2
Other liteand physical . | 29.7 19] -8 2 Al a7 29| -1.4 2 2 R
Soclal ......ovvvenn e | 2232 41.4 313 - 23 5| 2475 45.2 ——nm —— 1.4 8
Economists. ....... 34.1 75 6.1 a3 2| 387 g2l .7.3 0 2 3
Psychologists .. .... 96.5 12.9 -85 1.1 2 1082 143 -110 Q9 7 3
Sociologists ....... .. 124" 6.1 =5.0 " 0 144 7.3 -5.9 -0 0 0
Social.n.ec........ <. 80.2 148 | -11.7 8 A as.2 154 -12.9 0 5 2
\. Total engineers .. ‘1.181.5 64.0 — 19.1 6.2 ] 1,343.6 668 e 129 6.8,
~ ©  Aeronautical/
astronautical ...... £5.1 19 2 1.1 J a4.1 2.2 7.3 12.4 1.0 2
Chemical ............ 57.1 55 -53 . 8 5 609 5.4 -4.4 0 5 5
Lo | 167.5 10.2 -8.3 27 J| 1768 10.2 5.4 8. 17|, 8
Electrical/elactronic .. | 334.7 14.0 -4.9 5.4 1.0| 398 156 | 45|% 164 4.0 1.2
- Indusirtal <. .......t e | 1119 40 -4.4 18 2| 1218 4.1 -3 10.0 13 3
‘Mechanical........... 212.3| 114 -10.2 3.5 9| 2338 1.7 -4.6 4.0 2.2 10
Metaliurgical ......... . 15.9 1.4 Lot 14 2 A 17.4 1.4 -9 A Al A
Minlng/pstroleum ... 7Y 281 21 5 4 A 315 2.3 -1.4 8 3 R
Engingers. nec. ....n=f 1889 13.5 -14.1 3.0 26| 2087 13.9 9.5 T4 1.8 26
Computer\Speclallsls‘ 456.2 10.8 -5 2.3 9| 55086 13.5 14.0 [ ¥ 504 22 1.2
Tmetudes bothco putersymemsammslsandcomnutefpm@rammers
NOTE. STAG/HIG {rdicatos low-econumlic growthmlgh -detanse expenditure scenario. Because of rounding. compopents may not
correspond oo . .
SOURCE: Nationa. Sclshee Foundation *
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o Table B-15. Projected supply of scientists and engineers based On

i net-mobllity supply model: 1983 and 1987—0PTIM/LOW - A

. . linthotands]

1963 1987

. Supply componants Supply componens

" Total Total

., Occupation supply New. Nel- Attrl- | Immi-| aupply New Net- In- Attrl-}  Immi-

’ entranta | mobility tlon | gration entranta | mobllity |moblilty tion| gration

Totalsclentists . ... . 5644|- 865 -——- 44 2.7 8271 81.8 - - 2.5 a0
Agricuftural .......... ]?o.a 4.2 1 2] 20| so| .60 of + 2
Biologists............ B87.5 .1 14.8 A 2 751 19.7 -18.2 0 2 3
Chemists ............ 853 8.1 -4.7 i B} 102.5 6.4 5.4 4 ¥ 1.0
Geologists........... 458 43 2.8 < 2 51.0 4.8 =32 1 2 2
Mathematical ........ 54,9 6.8 -4.1 2 2 60.8 5.8 4.3 2 2 2
Physicists ........... _23.4 . 2.8 -1.9 2 2 25.8 3.0 2.8 |~ 0 1 2
Otherlileand physical. | = 30.0 1.9 -9 2 A 24| - 204 -1.4 2 2 A
Social ............... . 2270 412 o« eees 2.3 7 257.7|° 45.1 o™ - 1.0 B

Economists.:...... a7y 75| 65 K Al 40| - 82| R of - 4 K

Psychologisis . ..... 98,2 12.8 -8.0 1.1 2 112.4 14.4 -10.2 | .0 5 3

Sociologists ....... 125 6.1 -4.8 .1 O] - 189 7.3 -£.9 .0 0 0

Socialnec.. ¥....| 818] 148] -10.2 8 2{ 903 152 -129 0 A 2

Totalengineers .. | 1.2062| 637 | 109 82| 13605| 658 | ]| 129 6.7

Aeronatical/ 2

astronautfcal ...:.. 67.4 1.9 1.8 1.1 A . §§.1 20 3.9 8.1 8 A
Chemical ............ 57.8 5.5 -3.6 : .5 82.7 5.4 -4.4 1 5 5
Civil ..............us 71,2 10.2 -3.6 - 27 L 185.7 10.3 -5.7 1.4 1.8 B
Etectrical/elecironic .. 344.8 13.8 a3 55 1.0 40221 151 2.4 15.2 4.1 1.2
industrial .:.......... 1135 4.0 -7 1 i.8 2 124.4 4.1 -7 9.9 1.3 3
Mechanical, ........ 2185 114 -2.7 34 9 2423 11.7 -4.8 50 2.4 1.0
Metallurgical . ........ 16.2 1.3 -7 .2 A 18.2 1.4 -8 .2 2 A
Mining/peatroleum . ... 284 2.1 -1.1 4 A 322 22 1.0 1.0 3 .1
Engineers.n.e.c. ..... 190.4 134 8.1 29 28 208.7 13.8 -11.0 g4 1.8 2.6
Computerspeclalists' . | 475:3 10.8 3.0 2.4 8| sa04 133, 145 80.4 23 1.2

"Includes both computerSystams analysts and comPuter program mm.'
NOTE: OPTIM/LOW Indicates high-economic growth/low-defense exPenditure scenaro, Bacause of rounding, ¢componenis may not

carresPond 10 totals,

SOURCE:. National Science Foundalion
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Table B-16. Projected supply of scientists and engineers bgied on
net-mobility supply model: 1983 and 1987-—OPTIM/HIGH

[Inthousands] o
! _ 1983 1987
: Supply componenls i - Supply components
Total Total
) Os:cupation supply New| _Net- Attrl- [ Immi- | supply New Net~ n- Attrl-1  Imml- ¢
entrants | mobllity tlon | gration ) aentrants :%ob!llty moblity fion | gration .
Totalsclentists .....| 566,2 7.1 - 4.4 2.7| 8389 837 —m ——— 25 3.0 _
Agriculturat .......... 20.8 53] . -4:2 a 2| 222 51| 50 0 al - 2 '\‘“f
Biologists . ........... 87.6 19.2 -14.8 A4 .2 76.3 200{ --18.3 .0 2 .3 Ek
Chemists ............ 95.5 6.2 -45 .7 Bl 1048 6.5 -5.1 5 5 1.4 .Y
. Geologists. . ........ . 45.7" 4.4 2.7 3 2 5.8 4.8 <3.2 .1 2 2
Mathematical ........ 55.3 5.8 «3.8 .2 .2 63.0 6.0 -4.0 3 .2 .2 )
Physicists ........... - 23.6 29 -1.8 .2 .2 26.6 3.1 -2.5 0 a]. 2
Other filsand physical . 301 19 -8 .2 .1 333 _ 24 -1.3 0 ® A
Soclal ..........0000 227.6 414 ——ae 2.3 7| 2623 48.1 —— T - 1.0 K]
Ecoriomisis........ 4.7 75] 55 3 3] 407 =04] -72{° 0 1 ‘3 i
Psychologists ...... 98.4 12.9 7.9 1.1 2| 1136 14.7 -10.2 .0 5 3 -
Sociclogists ....... 125 8.1 4.8 B 0 151 74 -7.0 .0 0 .0
Soclal,nec. ......| 820 14,9 29 8 +2 g92.8 156 -12.8 .0 4 .2
Total enginaars . ..... 1,217.2 84.2 ———- 189 6.3 114373 68.1 —t e 140| . 68
s *
Aeronautical/
astronautical ...... 0.0 19 4.3 1.1 N 104.8 23 7.6 13.1 1.1 2
Chemical ...ooovvunns 58.0 5.5 -3.4 9 5 64.2 55 -4.2 A 5 .5
Civil oooivniniiaa . 1716 10.2 -3.3 2.7 T 190 105 -4.8 1.8 1.8 N
Electrical/slectronic .. | 347.9 14.0 6.2 55 1.0 4213 15.7 53 18.7 43 1.2
Indusirlal . ...........| 1142 4.0 0 1.8 S 1298 4.2 3 11.3 L R
Mechanical .......... 217.9 1.5 -1.4 34 9 263.4 121 -2.8 7.0 25 11
Metallurgical ......... 16.3 14 -6 2 A 19.2 1.4 -7 A { i -
Mining/petroloum .. .. 28.5 2.1 -1.0 4 A 325 2.2 -1.0 1.1 3 A
Engineers.n.e.c.......| 1928 3.8 -7.0 29 26| 2220 14.2 -8.8 8.7 19 2.6
Computerspaeclallsts* . | 4777 109 14.2 |. 2.4 S| s928 13.8 189 ]. BSJE 2.4 1.2

‘Includes both compuler systems analysts and computer Programmers,

NOTES OPTIM/HIGH Indicates high-economic growtn/high-detense expenditure scenaro, Betause ot f‘ounding. componants may
not correspond tc totals.

SOURCE: National Science Foundation
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Table B-17. Supply/demand balance of scientists and engineers based on -
net-mobility supply model; 1983 and 1987—STAG/LOW
V' (inThousandsj .
[ »
. : 1983 1987 ) ~
i Belance | Balange as ‘|- eatands | Batbnce as
- . ] surplus (+)/ | percent of surplus (+)/ q;ge;rc:enf of
Qccupalion +  Supply Demand| shortage{-]’| - SuPply Supply 5emand shortage(-j [ *° supply
Totalsclentists . ....... _560.6 513.8 46.8 aa| et 5559 . 562 9.2
Agricultural . ............ 206 172 34 165 21.2 17.3 39 184
Biologists............... 67.1 i 55,9 1.2 167 731 59.4 \) 13.7 18.7
Chemisls .......... ..., 4.3 919 25 ~ 26 99.8 7.7 2.1 2.1
Geologists......... 0. ... v 45.2 41.7 35 7.1 51.6 47.9 37 7.2
Mathematical .....7.. ... 547, | . 550 2.7 49 59.8 56.9 2.7 4.5
Physicists ™. ~...... ", 23.2 21.2 2.0 ‘8‘6 24.9 224 2.5 100
Olher life and'ghyNgal. . .. 29.7 ' 28.0 7 87 31.5 29.5( - 20 6.3
Social ........% ....0uts ¢+ 2258 i 205.9 19.9], 8.8 250.4 224@ " 25.6 102
Economisls. ...... R - VX aa| - as 00 34 [ a4dfy,  as 1.7
Psychologists ... ... - 37/6 215 61] . N3 108.2 1005144 77 74
Sociologists .......... . 135 - 94 31 246 14.5 10.1]40., 0, 44 30.3
Social.n.ec........... R 73.9 7.2 89 88.0 79.4| & 4 89 10.1
© Totatbngineers ..... 1,1940 | 1,169.2 24.8 241 1.319.1 12064];, 227 1.7
Acronaukcal/  * \ [ :
astronautical .- ....... 67.0 67.5 -5 -7 83.6 855 -l 9 23
Chemical .. ............ §7.2 54.0 4,32 56 60.8 57.4 .4 5.6
Civil.. i 1689 1668 2.1 1.2 177.0 174.7 23 1.3
Elgctrical/etecironic .. ... 343.0 3409 2.1 6 397.9 396.3 1.6 4.
industrial ............... 112.4 111.4] . B 6 120.2 120.3] -1 -1
Mechamcal ...... e 213.2 2086 6.6 310~ 230.5 223.9] 6.6 2.9
Melaturgical .. ......... 159 151 8 50 171 16.3 8 4.7
Mining/petroleum ... ... 282 271 11, 3.9 32.6 31.9) .- 9 2.8 a
Engineers.n.e.c. ........ 1885 179.8 a7 48| ° 199.4 190,31 7 9.1 48
Compuler specialists’ . . .. 473.7 480.2 7.2 -1.5 568.4 577.6 N -9.2 <16
Inciudes b::nln camputer systéms anatysts and com puter programmers. ,A‘ ‘ . .
NOTES. STAG/LOW indicales iow-8conbmic growth/low-delense expendiwre sconaro. Because of rounding. con;ponents may not ) ¢
correspond to lolals : - .
SOURCE: National Scisnce Foundation , ) \ -
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Table B-18. Supply/demand halance of scientists and engineers based on .
net-moblllty sppply moder 1983 and 1937—STAGinGH of - & o
v Inihousands . ) !
:r l 1 g ‘ ,
- - 1983 o ] - ] 1997 1 . o
E s ] Balance | Bkmce % . L Balance | Balante as -
. — surplus(+}/| percent of urplus {+}/ | percent of *
Qecupation = Supply * | Demand| shortage [«) supply ™ Supply Daemand| shortagal-j supply '
Totatscientlsts ..... ... $57.5 | 507.6 498 9.0 6075 s67.4| o 401 366 ©
Agricultural ... .. veen.a. : 207 17.2 as 169 213 |7 17s| af] 17.4
2011 T 1 - 66.8 55.3 11.5 17.2 . 726 60.4 .12.2, , 168 . @
L Chemists ............... 94.4 90.7 a7 a9 907 | 996 A, 0,
GOOIOQIStS ... vvverrenns 453 4.7 * 26 57 501 48.2 te| 7 as - .
_ Mathematical ........... 54.3 s10] -« a3l &1 . 59.5 se?l - 8. 13
% PRYSICISIS +...evivniinns 230 208 2.2 95! 251 234 Lo AR ¥
- Other Itfe and physical . . , . 207 27.6 21| , 74 a7 204k Toral s o '.,— L
Social ....... Paeamsnaan . 2232 202.2 .21.0 ) 9.4 247.5 *229.2] 18.3 o 74 j’
* ECONOMIStS........... 33.1 3 3.8 1.1 a7 | - 53| 4] - 8. %
_ Psychologists .. ......._ 96.5 %04l 61| . 63 1062 | 1017|. -45 ‘%
S SOCIOIOgISS .. .. .. .. c248 | tea a1 25.0 144 [ 103 an 215
Social.n.eC......onnun 80.2 722 8.0 10.0 . 88z - 81.9 6.3 7.1
Totalengineers .. ... 1.181.5 1.140.3 41.2 as ©1,343.8. | 1.373.2) . 29.6 22 f .
Aeronautical/astronautical 651 |« 845 Y- 9, 94.1 107.2 -ia.r -132.9 Lt
Chemical ............... 57.1 53.1 40 70 [ 609 se7| © .22} * as‘
L] 167.5 163.5 _ 4._0 2.4 -'176.8 . 1791 2.3 =13
Electrical/electronic .. ... 3347 6 A 21 358.8 a4152] ° 4| ° 41
industrial ............... 1119 109.3 2.6 23 1219 | 1250 =31 -2.5
Mechanical ...x......... y .2123 202.2 . 101 48 2335 233.4 .1 O.
MEAIFGIBl v e vennen . 159 14.8 1.1 8| * 174 171 ! Vg
Muing/peltrooum ....... 28.1 27.6 5 1.8 ns N8 =3 .0
Engineers. n.ec. ........ 188.9 177.7 . 1.2 59 2087 |. 2087 s a0 4
Coniputer speclalists' .. .. 456.2 4543 " 19 -4 |, 5506 588.9+* " .asa Y X i ’ ” R
" . N ® . " #’, & ' s v :” -
nciudes beth computer sysiems arialysts and computer programmers. a T -
NOTES. STAG/LOW indicales low.economic growih/low- defonse expenditure scenario. Bacausa aof ro-.fnding. cornponems may not '
» , corespond to otars. . . £, L
SOURCE: Netional Science Foundation ' v S 3 , I N .
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on net-mobility supply modei: 1983 and 198‘{—0PTIM!LOW

.

“&m -
Table 8.19, Supply/demand.balance of scientists and engineers based

r‘\‘
Bnihousands] -
1983 ] ) “1987
: Balsnde Balance as Balance| Balance as
surplus{+)/| percenl of ' s|surplus (+)/] percenl of
Occupstion | Supply |Demand|shoriage(-)|. supply Supply | Demand| shortage(-) supply
Totalsclenlists ........ 564.5 520.4 4.1 7.8 627.1 570.9 s6.2| ' 9.0
Agricultural ............. 8 12.5 3.3 159 220 18.1 3.9 1.7
Biolegist................ 87.5 58.6 10.9 18.1 751 81.4 13.7 182
Chemisl$ ............... 95.3 93.5 1.8 19 - 1028 100.3 2.2 a1
Geologists ... Frreeaaees 456 42.3 a3 7.2 51.0 47.3 3.7 7.3
Mathematical ........... 54.9 - 52.5 - 2.4 44 80.8 58.1 2.2 4.4
Physicists ..... eeeeaes 23.4 - 215 1.9 . B.1 ‘268 231 2.5 9.5
Other life and physical ... .. 30.0 284 1.8 53 324 30.3 21 6.5
Social .......... R, 227.2 208.1 19.1 v 8.4 t282.7 2323 25.4 2.9
Economlists ....... wats MT 31.3 34 g8 40.1 35.5 4.8 1.5
Psychologists......... 98.2 92.5 57 58 1124 105.0 7.4 6.8
Sociologisls +..vvvuets 12:5 95 30 2] «~ 149 10.5 4.4 29.5
Soclal.nec. .......... 81.8 74.8 8.8 . B3 90.3 81.3 9.0 10.0
Totalengineers ..... 1.206.2 1,189.0 17.2 . 1.4 1,380.5 1,337.0 235 1.7
Asgronautical/ . * .
astronautical ......... . BT.4 88.0 -6 -1.9 -86.1 88.0 -1.9 =22
Chemical ............... 57.8 55.1 27 4.7 . eaz? 59.2 3.5 58
Civilee v veeeseeeeas 17.2 170.7 .5 3| vissry 183.8 19 © 10
Electrical/electronic ..... 3448 - 343.8 1.2 3 ; 402.2 399.8 28 " 6
Industrral ....:........ . 113.5 113.8 -1 -1 14.5 1248 ¢ = -1
Mechanical ...........u. 2185 * 212.0 4.5 21 2423 2357 6.6 27
Metallurgical ...... ... . 18.2 15.6 K 3.7 18.2 174 B 4.4
Mining/pelroleum ....... : 284 . 215 ) 3.2 32.2 312 1.0 31
. Engingers.n.e.c. ........ 150.4 1629 7.5 39 206.8 197.5 .1 44
Computer speclalists’.... 478.3 484.8 -B.3 1.7 ” 3%04 .589.5 -8.1 -18
- . ~ - i
‘IncCludes bothcompuler ystems analysts and computer programmers. :
« NOTES. OPTIM/LOW indicates high-economiC growth/low.defense sxpenditule scenario. Because of rounding, Components may
- not correspond to totals, .
SOURCE: Nétional Science Foundation ® 1o, -




Table B-20. Supply/demand balance of sclentists and erngineers based
on net-mobllity supply model: 1983 and 1987—0PTIM/HIGH

{In thousands)

1983 . 1987
Balence| Balante as . Balance | Balance 8s

-

surplus [+)/] percent of surplus {+}/] Percent of
Occupation . Supply Damand| shortage (=} supply Demand| shortage(-) supply

Total sclantists §86.2 §23.0 43.2 7.7 §84.7 §5.2 8.6

Agricuflu ral ‘208 17.6 3.2 15.4 22.2 164 3.8 171

' Biologists : 676 §6.7 0.9 16.1 763 62.5 13.8 18.1
Chemists ...s.voauvnnan, 95.5 93.9 1.6 1.7 1046, |- 1028 18 1.7
Geologists ... ..., 45.7 42,5 3.2 7.0 51.6 47.9 3.7 7.2
Mathemalical 553 53.0 2.3 4.2 63.0 60.6 24 3.8
Physiclsts 23.6 21.7 1.9 8.1 26.6 24.2 24 9.0

_ Othey life and physical.... - 304 268.6 1.5 5.0 33 313 20 6.0

" Soclal 227.6 209.0 168.6 .82 262.3 237.0 253 9.6

34.7 . 314 3.3 8.5 40.7 36.2 45
984 . g92.7] . 5.7 - 58 113.6 106.2 74 6.5
. 128 9.6 2.9 23.2( - 115.2 1107 4.5
Seclehpec. .......... 82.0 - 783 6.7 8.2 928 83.9 8.9 9.6

Totalengineers 1,217.2 | 12078 9.6 8] 14373 1,423.1 14.2 10

Aeronautical/ .
astronauticat 70.0 72.4 -2.4 © =34 104.8 106.2 4.4 -4.2
Chemical 58.0 55.4 ) % 26 4.5 64.2 60.9 3.3 5.1
Civit., . .oovunian aaenas ., 1716 171.5 J] A 190.1 188.9 1.2 .6
Electrical/édlecironc 347.9 348.9 -1.0 -3 421.3 420.6 7 2
Industrial . 114.2 1149 -7 -6 1298 1308 -8

-+ " Mechanical e 217.9 214.3 3.6 1.7 253.4 + 248.2 5.2 2.1
" Moetallurgical F 18.3 158 5 3.1 19.2 18.5 g 36
. 28,5 27.8 A 3R 325 3.6 R 28
192.8 186.68] . 6.0 3.1 . 2220 214.4 76 34

Computer specialists*. ... 477.7 486.9 -8.2 -1.9 §92.6 603.8 -11.0

‘Includes both computar systems analysts and computer programmers, N

ROTES: OF;TIMJHIGH indlcates high-economic growth/high-defensa expendliure scenerio. Beceuse of rounding. componenis may
not correspQnd 10 totals. . ) -

SOURCE: national Sclence Foundation
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